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PREFACE. 

In  1911  the  General  Assembly  of  the  State  of  Illinois,  with  a  view 
to  safeguarding  the  lives  of  mine  workers  and  conserving  the  mineral 
resources  of  the  State,  authorized  an  investigation  of  the  mining 
practices  and  the  coal  resources  of  Illinois  by  the  department  of 
mining  engineering  of  the  University  of  Illinois  and  the  State  geo- 
logical survey,  in  cooperation  with  the  United  States  Bureau  of  Mines. 
A  cooperative  agreement  a  was  approved  by  the  Secretary  of  the 
Interior  and  by  representatives  of  the  State  of  Illinois. 

Reports  of  the  raining  practices  in  the  eight  districts  into  which 
the  State  was  divided,  a  general  summary  of  mining  practices  in 
Illinois,  and  a  report  on  the  general  theory  of  subsidence  have  been 
published  by  the  mining  department  of  the  University  of  Illinois. 
A  study  of  the  percentage  of  extraction  of  coal  is  now  hi  progress. 

The  State  geological  survey  has  investigated  and  published  reports 
on  coal  analyses  and  on  the  coal  resources  of  four  districts  and  will 
complete  reports  on  the  remaining  districts.  It  has  also  published 
a  report  on  the  evidences  of  subsidence  due  to  coal  mining  and  another 
on  the  availability  of  roof  and  floor  clays  and  shales  at  coal  mines 
for  the  manufacture  of  clay  products. 

The  Bureau  of  Mines  has  published  as  a  result  of  this  work :  Bulle- 
tin 72,  "Occurrence  of  Explosive  Gases  in  Coal  Mines";  Bulletin  83, 
"The  Humidity  of  Mine  Air";  Bulletin  99,  "Mine- Ventilation  Stop- 
pings, with  Especial  Reference  to  Coal  Mines  in  Illinois";  and  Bulle- 
tin 102,  "The  Inflammabihty  of  Illinois  Coal  Dusts." 

The  study  of  mine  air,  mine  fires,  and  the  use  of  explosives  is  being 
continued,  and  the  coking  and  gas-producing  qualities  of  Illinois 
coals  are  being  investigated.  A  detailed  investigation  of  subsidence 
in  Illinois  is  being  undertaken  jointly  by  the  parties  to  the  agreement. 

Van.  H.  Manning, 

Director. 

a  For  details  of  agreement  see  preliminary  report  on  organization  and  method  of  investigations:  Illinois 
Coal-Mining  Investigations,  Cooperative  Agreement,  1913,  71  pp. 
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THE  USE  OF  PERMISSIBLE  EXPLOSIVES  IN  THE  COAL 
MINES  OF  ILLINOIS. 


By  James  R.  Fleming  and  John  W.  Koster. 


INTRODUCTION. 

The  following  report  is  made  through  the  Bureau  of  Mines  as  a 
result  of  the  work  under  the  cooperative  agreement  with  the  State 
geological  survey  and  the  engineering  experiment  station  of  the 
University  of  Illinois.  It  deals  with  the  use  of  permissible  explosives 
in  the  coal  mines  of  Illinois,  and  is  intended  primarily  to  present  to 
mining  men  the  possibility  of  assuring  safer  conditions  in  mining 
through  the  use  of  these  explosives. 

Twenty  coal  mines  in  Illinois  were  using  these  relatively  safe 
explosives  at  the  time  this  report  was  prepared.  Of  these,  seventeen 
were  in  Franklin  County,  two  were  in  Saline  County,  and  one  in 
Montgomery  County.  In  these  various  fields  experience  had  shown 
that  although  black  blasting  powder  was  a  useful  agent  in  breaking 
down  the  coal  at  the  working  face,  yet  it  had  given  such  conclusive 
evidence  of  its  danger  to  life  and  property  in  causing  explosions  and 
mine  fires  that  a  substitute  was  sought  and  has  been  found  in  per- 
missible explosives. 

Each  coal  mine  in  Illinois  in  which  permissible  explosives  are  used 
was  visited  and  a  study  made  of  the  problems  involved. 

The  report  deals  briefly  with  the  dangers  of  black  blasting  powder 
now  in  such  common  use  in  coal  mining.  It  discusses  the  develop- 
ment of  permissible  explosives  and  their  introduction  into  Illinois 
coal  mines  and  points  out  the  characteristic  differences  between  per- 
missible explosives  and  black  blasting  powder.  The  present  system 
of  blasting  and  the  most  approved  methods  of  using  permissible 
explosives  are  described.  Data  are  given  to  show  that  not  only  has 
safety  and  efficiency  in  these  mines  been  greatly  improved,  but  that 
the  cost  of  explosives  to  the  miner  per  ton  of  coal  has  been  reduced, 
and  that  sizes  of  coal  produced  from  permissible  explosives  compare 
favorably  with  those  previously  obtained  at  the  same  mines  with 
black  blasting  powder.  The  successful  use  of  permissible  explosives 
in  these  Illinois  mines  as  well  as  in  many  other  mines  throughout  the 
country  should  aid  in  their  introduction  into  a  larger  number  of 
mines  and  bring  about  that  degree  of  freedom  from  explosions  and 
fires  which  should  be  attained  in  mining. 
83020°— 17 1 
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THE  COAL  FIELDS  OF  ILLINOIS. 
COAL  RESERVES. 

As  reported  by  the  Illinois  State  Geological  Survey,  the  coal 
reserves  of  the  State  approximate  200,000,000,000  (short)  tons,a  a 
supply  sufficient  to  meet  the  entire  Nation's  needs  for  more  than 
200  years  at  the  present  rate  of  consumption,  allowing  for  only  a 
50  per  cent  recovery  of  coal.  There  are  five  workable  seams  of  com- 
mercial importance.  The  territory  underlaid  with  coal  embraces 
approximately  36,800  square  miles,  or  65  per  cent  of  the  area  of  the 
State. 

PRESENT  PRODUCTION. 

During  the  fiscal  year  ended  June  30,  191 5,6  the  mines  of  Illinois 
produced  57,601,694  tons  of  coal.  Of  this  total,  the  No.  6  seam  fur- 
nished 69.63  per  cent  and  the  No.  5  seam  20.21  per  cent.  These  two 
seams,  which  include  all  the  mines  now  using  permissible  explosives, 
therefore  furnish  about  90  per  cent  of  the  total  output  of  the  State. 

METHODS  OF  MINING. 

There  are  three  general  methods  of  mining  coal  in  the  State  of 
Illinois,  as  follows: 

1.  Stripping. 

2.  Longwall  advancing. 

o  Preliminary  report  on  organization  and  method  of  investigations:  Illinois  Coal- Mining  Investigations, 
Cooperative  Agreement,  1913,  p.  25. 
*  Thirty-fourth  annual  coal  report  of  Illinois,  State  Mining  Board,  1915,  p.  86. 
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3.  Room-and-pillar: 

a.  Common  double-entry,  room-and-pillar  system. 

b.  Panel  system. 

In  stripping  operations  the  dangers  of  explosions  and  fires  are  not 
found  as  in  underground  workings. 

In  the  longwall  mines  the  roof  pressure  usually  takes  the  place  of 
explosives  in  breaking  down  the  undercut  face. 

The  room-and-pillar  mines,  including  the  common  double-entry, 
room-and-pillar  system  and  also  the  panel  system,  provide  94  per 
cent  of  the  total  output  of  the  State.  Coal  undercut  by  machines 
constituted  59.1  per  cent  a  of  the  total  State  production  in  1915. 
The  greater  part  of  the  remainder  was  from  mines  in  which  the  coal 
was  shot  off  the  solid.     In  a  few  mines  undercutting  is  done  by  hand. 

AMOUNT  OF  EXPLOSIVES  USED  IN  ILLINOIS  MINES  AND  TONNAGE 

PRODUCED. 

For  the  fiscal  year  ended  June  30,  1914,  a  total  of  60,715,795 
short  tons  of  coal  was  produced  in  Illinois.  Of  this  amount  approxi- 
mately 56,400,000  tons  was  obtained  with  the  use  of  explosives. 
To  obtain  this  production,  31,607,200  pounds  of  black  blasting 
powder  and  930,596  pounds  of  permissible  explosives  were  used. 
Although  the  amount  of  permissible  explosives  formed  only  3  per 
cent  of  the  total  quantity  of  explosives  used,  approximately  6,000,000 
tons  of  coal,  or  more  than  10  per  cent  of  the  total  quantity  obtained 
by  explosives,  was  obtained  by  the  use  of  permissible  explosives.6 

During  the  fiscal  year  ended  June  30,  1915,  of  the  total  of  57,601,694 
short  tons  of  coal  produced,  approximately  53,600,000  tons  was 
obtained  with  the  use  of  explosives,  27,683,150  pounds  of  black 
blasting  powder  and  1,342,334  pounds  of  permissible  explosives 
being  used.c  In  this  year  approximately  7,680,000  tons  of  coal,  or 
14.3  per  cent  of  the  total  quantity  obtained  by  explosives,  was  pro- 
duced by  the  use  of  permissible  explosives.  The  tonnage  produced 
by  permissible  explosives  is  divided  approximately  as  follows: 
Franklin  County,  86  per  cent;  Saline  County,  7  per  cent;  Montgomery 
County,  7  per  cent. 

Figure  1  shows  the  total  production  of  coal,  the  amount  of  black 
blasting  powder  used  during  the  period  1907-1915,  and  the  gradual 
increase  in  the  amount  of  permissible  explosives  used  in  Illinois 
mines.  The  figure  also  shows  that  the  tonnage  now  produced  by 
permissible  explosives  exceeds  that  of  longwall  mining.  The  data 
from  which  these  curves  were  plotted,  given  in  the  table  following, 

"Computed  from  thirty-fourth  annual  coal  report  of  Illinois,  State  Mining  Board,  1915  (p.  69),  which 
shows  that  97  mines  used  machines  exclusively,  and  34  in  part,  a  total  of  1,686  machines  being  used  in 
producing  34,037,426  tons  of  coal. 

b  Thirty-third  annual  coal  report  of  Illinois,  State  Mining  Board,  1914,  p.  2. 

b  Thirty-fourth  annual  coal  report  of  Illinois,  State  Mining  Board,  1915,  p.  2. 
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Fioure  1.— Curves  showing  the  production  of  coal  in  Illinois,  amount  of  explosives  used,  and  growth  in 
the  use  of  permissible  explosives  during  the  period  1907-1915. 


THE   COAL  FIELDS   OF   ILLINOIS. 


are  taken  from  the  annual  coal  reports  of  the  State  of  Illinois  for  the 
years  1907  to  1915. 

Data  on  the  -production  of  coal  and  use  of  explosives  in  Illinois  coal  mines,  1907-1915. 


Year. 

Production 
of  coal. 

Black 
blasting 
powder 

used. 

Approxi- 
mate long- 
wall  ton- 
nage with- 
out the 
use  of 
explosives. 

Approxi- 
mate ton- 
nage by 
permissible 
explosives. 

Permissible 

explosives 

used. 

1907       

Short  tons. 
47, 798, 621 
49.  272, 452 
49,163,710 
48,717,853 
50,165,099 
57,514,240 
61,846,204 
60,  715,  795 
57, 601, 694 

Pounds. 
31,547,750 
33,211,350 
32,015,175 
31,352,375 
31, 007, 325 
32, 836, 200 
32, 734, 550 
31,607,200 
27, 683, 150 

Short  Ions. 
4,500,000 
4, 500, 000 
4,600,000 
4,800,000 
4, 400, 000 
5, 200, 000 
5,200,000 
4,400,000 
4,000,000 

Short  tons. 

Pounds. 

1908. 

1909. 

1910 

1911 

900,000 
2,580,600 
3,847,000 
5, 926, 400 
7,680,000 

243, 099 

1912 

328, 075 

1913 

603,420 

1914 

930, 596 

1915 

1,342,334 

PHYSICAL  CHARACTERISTICS  OF  COALS  NO.  5  AND  NO.  6. 

The  character  of  the  coal  and  roof  and  the  thickness  of  the  coal 
bear  an  important  relation  to  the  s}Tstem  of  blasting  that  should  be 
used;  the  presence  of  explosive  dust  and  gas  makes  a  problem  needing 
especial  consideration.  The  mines  in  which  permissible  explosives 
are  used  in  Illinois  are  confined  to  coals  No.  5  and  No.  6.  A  brief 
description  of  the  occurrence  of  these  coals  in  the  particular  districts  in 
which  permissible  explosives  are  used — Saline,  Franklin,  and  Mont- 
gomery Counties — follows : 

Coal  No.  5  where  mined  has  an  average  thickness  of  5  feet  4  inches 
with  a  maximum  thickness  of  8  feet  in  Saline  County.  It  is  reported 
by  DeWolf  a  to  average  4  feet  11  inches  in  the  Saline-Gallatin  field 
in  56  measurements.  The  coal  is  hard  and  bright  with  occasional 
partings  of  soft  " mother  of  coal."  Usually  the  top  and  bottom 
parts  of  the  bed  are  harder  and  firmer  than  the  middle  part.  A  few 
bands  or  patches  of  "sulphur"  may  occur  near  the  top.  The  cleat 
is  not  pronounced  and  does  not  materially  affect  the  direction  of 
mining.  The  roof  is  hard  shale,  varying  from  fight  gray  to  black; 
it  holds  well  and  does  not  require  excessive  timbering.  It  is  charac- 
terized by  numerous  concretions  of  iron  pyrites  called  "nigger 
heads."     The  floor  is  clay. 

Coal  No.  6  as  it  is  found  in  southern  Illinois  is  described  by  Shaw 
and  Savage  b  as  being  uniformly  thick,  averaging  9  feet  5  inches  in 
130  borings.  At  Zeigler  it  has  a  thickness  of  14  feet.  The  coal  is 
commonly  banded,  and  laminated  with  alternating  bright  and  dull 
lines.     A  "blue  band,"  or  dirt  band,  h  to  2h  inches  thick,  occurs 

a  DeWolf,  Frank  W.,  Coal  investigations  in  the  Saline-Gallatin  field,  Illinois:  Bull.  8,  State  Geol.  Sur- 
vey, 1908,  pp.  223-224. 

&Shaw,  E.  W.,  and  Savage,  T.  E.,  Murphysboro-Herrin  Folio,  Illinois,  surveyed  in  cooperation  with 
the  Geological  Survey  of  Illinois,  Folio  185,  U.  S.  Geological  Survey,  1912,  p.  14. 
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18  to  30  inches  above  the  floor;  this  band  generally  consists  of  bone 
or  of  gray  shale. 

The  bed  is  divided  into  three  distinct  benches.  The  upper  part, 
comprising  about  one-third  of  the  thickness  of  the  bed,  is  a  brittle 
coal  occurring  often  in  layers  3  to  6  inches  thick,  separated  by  part- 
ings of  "  mother  of  coal."  The  coal  in  the  middle  part,  which  is 
separated  from  the  upper  third  of  the  bed  by  a  clean  persistent  part- 
ing of  "mother  of  coal,"  is  brighter  and  somewhat  firmer  and  has  less 
distinct  lamination.  "Sulphur"  lenses  are  commonly  found  in  this 
bench.     Below  the  "blue  band"  the  coal  is  hard  and  firm. 

The  coal  in  the  southern  part  of  the  Franklin  County  field  is  harder 
than  the  coal  in  the  northern  part.  There  is  no  pronounced  cleat 
and,  therefore,  it  does  not  materially  affect  the  direction  of  mining, 
as  the  coal  may  break  irregularly  along  a  number  of  different  planes. 
In  certain  mines,  however,  there  is  a  slight  vertical  cleat  in  a 
northeast  and  southwest  direction,  which  permits  freer  shooting  of 
the  coal  on  a  face  parallel  with  this  direction.  Although  the  cleat 
of  the  coal  has  little  effect  on  the  direction  of  mining,  the  joints  in 
the  roof  material  have ;  for  frequently  when  work  is  driven  north  or 
south  the  roof  tends  to  break  so  much  as  to  increase  mining  costs 
considerably. 

The  "blue  band,"  which  is  characteristic  of  the  No.  6  coal,  largely 
determines  the  placing  of  drill  holes  in  blasting.  After  the  coal  is 
undercut  by  machines,  it  is  "snubbed";  that  is,  a  sloping  cut  extend- 
ing from  the  "blue  band"  to  about  half  the  depth  of  the  under- 
cutting is  made.  When  "snubbing"  shots  are  fired  or  where 
"snubbing"  is  done  by  hand,  this  parting  serves  as  a  guide  to  the 
height  to  which  the  coal  is  to  be  "snubbed." 

The  roof  is  commonly  of  shale,  which  is  15  to  110  feet  thick,  but 
in  some  of  the  latest  mines  east  of  Benton,  limestone  is  found  immedi- 
ately above  the  coal.  The  shale  breaks  when  exposed,  and  for  this 
reason  the  top  layers  of  coal  are  left  in  place  to  form  the  roof.  Usually 
10  to  18  inches  and  at  times  as  much  as  40  inches  is  left  up.  In  some 
instances  the  top  coal  is  recovered  after  the  rooms  are  mined  out. 
The  floor  is  clay. 

Plate  I  a  shows  the  No.  6  coal  bed  and  the  overlying  shale  exposed, 
the  top  bench  of  coal  (dark  part)  which  is  left  up  in  mining,  and  the 
two  lower  benches  separated  by  the  "blue  band,"  which  occurs 
about  2  feet  from  the  bottom.  The  structure  of  the  lower  5  feet  of 
the  No.  6  coal  bed,  including  the  blue  band,  is  shown  in  Plate  II,  A. 

In  Montgomery  County,  the  characteristic  "blue  band"  is  present. 
The  coal  is  hard  and  firm  and  averages  about  7^  feet  thick.  The 
roof  is  shale  and  limestone.     Where  light-colored  shale  is  present 

a  Cady,  G.  H.,  Coal  resources  of  District  6:  Illinois  Coal-Mining  Investigations,  State  Geol.  Survey  Bull. 
15, 1916,  p.  92. 
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it  forms  a  good  roof.  Where  the  roof  is  dark  shale  the  top  bench  of 
coal,  15  to  18  inches  thick,  is  left  in  place.  The  coal  is  underlain 
with  a  bed  of  clay  4  to  50  inches  thick. 

The  coal  as  mined  from  these  beds  is  uniformly  hard  and  firm 
and  withstands  shipment  well,  especially  in  the  smaller  sizes,  and  is 
well  adapted  for  domestic  or  steam  fuel. 

OCCURRENCE  OF  GAS  IN  THE  COAL  BEDS. 

In  Franklin  County,  coal  bed  No.  6  lies  at  a  depth  ranging  from 
417  to  700  feet.a  The  part  of  the  southern  Illinois  coal  field  east 
of  the  Duquoin  anticline,  including  Franklin,  Williamson,  and 
Saline  Counties,  is  the  most  gaseous  in  Illinois.  Although  on  the 
whole  the  mines  are  not  regarded  as  being  gaseous  enough  to  require 
the  use  of  locked  safety  lamps,  yet  considerable  methane  is  given  off 
from  the  coal.  Numerous  local  faults  occur  in  both  No.  5  and  No.  6 
seams,  frequently  giving  off  local  feeders  of  gas  and  creating  the 
possibility  of  dangerous  accumulations.  Darton  b  found  that  the 
principal  mines  in  Franklin  County  in  1912  generated  on  an  average 
about  200  cubic  feet  of  methane  per  minute  under  normal  working 
conditions.  In  the  more  gaseous  areas,  immediately  above  the  coal 
there  is  a  considerable  thickness  of  impervious  shale,  whereas  in  the 
less  gaseous  districts  in  which  the  same  seams  are  mined,  jointed 
limestone  closely  overlies  the  coal. 

The  results  of  laboratory  tests  c  indicate  that  the  dust  from  the 
No.  6  coal  bed  is  highly  inflammable  as  compared  with  other  Illinois 
coal  dusts  and  when  raised  in  a  cloud  might  be  ignited  by  a  blown-out 
shot  of  black  blasting  powder.  Considerable  fine  rib  dust  is  nearly 
always  in  evidence  in  the  mines  in  the  No.  6  bed.  As  the  top  coal  is 
left  in  place,  and  shale  from  the  roof  does  not  fall  on  the  roadways, 
and  as  haulage  is  by  electricity,  so  that  the  bottom  clay  is  not 
ground  up  much  by  the  feet  of  men  and  animals,  the  road  dust 
consists  almost  wholly  of  coal  dust. 

CAUSES  LEADING  TO  THE  USE  OF  PERMISSIBLE  EXPLOSIVES 

IN  ILLINOIS. 
DEVELOPMENT  OF  THE  FRANKLIN   COUNTY  COAL  FIELD. 

In  the  Franklin  County  field,  where  the  use  of  permissible  explo- 
sives in  Illinois  was  begun,  mining  is  comparatively  recent.  The 
field  was  opened  at  Zeigler  in  1903.  Mines  were  developed  at  West 
Frankfort,  Benton,  Christopher,  and  other  points  in  Franklin  County, 
until  at  the  present  time  this  field  ranks  as  one  of  the  important 
bituminous  coal  areas  in  the  United  States.  New  mines  are  being 
developed. 

a  Average  depth  at  shaft  for  mines  listed  is  541  feet,  see  Table  1,  p.  22. 

b  Darton,  N.  H.,  Occurrence  of  explosive  gases  in  coal  mines:  Bull.  72,  Bureau  of  Mines,  1915,  p.  219. 

o  Clement,  J.  K.,  Scholl,  L.  A.,  The  inflammability  of  Illinois  coal  dust.    Bull.  102,  Bureau  of  Mines. 
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The  Franklin  County  mines  in  which  permissible  explosives  are 
used  have  an  average  daily  production  of  approximately  2,800  tons. 
Six  of  these  mines  have  a  daily  capacity  of  over  4,000  tons  each. 
Of  the  total  of  57,601,694  short,  tons  of  coal  produced  in  Illinois  for 
the  year  ended  June  30,  1915,  7,324,644  tons  was  produced  in  this 
county,  of  which  about  90  per  cent  was  shot  down  with  permissible 
explosives. 

EXPERIENCE     IN    FRANKLIN    COUNTY    WITH    BLACK    BLASTING 

POWDER. 

The  first  mines  in  Franklin  Comity  were  opened  when  black  blast- 
ing powder  was  the  only  practical  coal-mine  explosive  used  in  the 
United  States.  From  the  beginning  much  trouble  was  experienced 
with  mine  fires  caused  by  its  use.  The  gaseous  conditions  in  this 
field,  the  extremely  inflammable  nature  of  the  coal  dust,  the  methods 
of  mining,  by  which  10  to  40  inches  of  coal  left  for  roof  spalled 
onto  the  roadways  and  produced  dust,  all  combined  to  make  the 
use  of  black  blasting  powder  dangerous  and  costly  as  regards  life 
and  property. 

A  number  of  destructive  explosions  happened  in  Franklin  County 
in  1908  and  1909.  Such  occurrences  were  not  confined  to  any  par- 
ticular mine,  although  certain  mines  had  more  than  one,  but  were 
scattered  over  the  entire  field.  Furthermore,  every  mine  in  the 
district  suffered  from  frequent  fires  from  the  use  of  black  blasting 
powder,  the  coal  igniting  readily  and  there  being  some  methane 
liberated  at  the  face.  At  some  mines  as  many  as  twenty  fires  occurred 
nightly,  following  the  firing  of  shots,  and  in  two  instances  40  were 
reported.  The  employment  of  fire  runners  to  follow  the  shot  firers 
and  extinguish  fires  became  necessary.  Four  to  ten  men  were 
employod  for  this  work  at  each  of  the  various  mines,  and  the  rela- 
tively small  number  of  fires  getting  beyond  control  speak  well  of  the 
efficiency  and  carefulness  of  these  men  and  of  the  officials. 

At  one  mine  in  this  district  two  destructive  coal-dust  explosions, 
primarily  caused  by  firing  shots  of  black  blasting  powder,  occurred 
in  an  interval  of  about  six  weeks,  the  first  on  November  5,  1908,  and 
the  second  on  December  12,  1908.  Immediately  after  the  first  explo- 
sion the  governor  of  the  State  ordered  that  a  thorough  examination 
of  conditions  in  this  mine  be  made  by  the  State  inspectors  of  mines  and 
the  State  mining  board.  That  the  explosion  was  initiated  by  a  shot 
and  was  accompanied  with 'much  flame  and  violence  is  pointed  out  in 
the  following  extract  from  the  report  of  this  committee.® 

Several  tests  with  safety  lamps  were  made  on  the  roadways,  at  the  face  of  the  working 
places,  and  particularly  at  the  high  points  where  falls  of  "slate"  had  occurred,  but 
no  evidence  of  gas  was  discovered.    After  reaching  the  face  of  the  first  northeast  entry 

o  Twenty-eighth  annual  coal  report  of  Illinois,  State  Bureau  of  Labor  Statistics,  1909,  p.  372. 
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beginning  with  room  No.  20,  we  proceeded  down  until  No.  8  was  reached.  As  we 
approached  that  point,  indications  of  serious  disturbances  increased— falls  of  "slate" 
and  coal  crushed  from  pillars,  broken  timbers,  mining  machines,  and  pit  cars  com- 
pletely destroyed.  From  the  mouth  of  room  No.  8  and  continuing  up  to  the  face 
thereof,  evidences  of  intense  heat  and  fire  on  the  roof  and  props  were  observable.  At 
the  face  of  that  room  we  found  that  several  shots  had  been  fired  on  the  night  of  the 
explosion;  in  fact,  they  were  the  only  shots  fired  in  any  of  the  rooms  in  that  entry 
that  evening.  It  furthermore  appeared  that  the  shots  had  been  placed  near  the  top 
of  the  coal,  and  as  the  seam  of  coal  is  much  softer  near  the  roof  much  of  it  that  was 
blown  down  was  in  a  badly  shattered  condition.  There  is  no  question  but  that  the 
direct  cause  of  the  explosion  originated  from  these  shots  in  the  face  of  room  No.  9,  first 
northeast  entry;  that  the  placing  of  these  shots  so  near  the  roof  and  the  broken  con- 
dition of  the  coal  indicated  an  overcharge  of  powder.  *  *  *  In  order  to  avoid  a 
repetition  of  such  disasters,  we  recommend  that  in  all  cases  where  coal  is  undercut 
with  chain  machines,  the  coal  be  snubbed  or  blocked  down  at  not  more  than  3,  or  less 
than  2,  feet  from  the  bottom  of  the  seam,  and  that  all  undercuttings  produced  by  said 
machines  be  collected  and  loaded  out  before  any  shots  are  fired. 

An  explosion  at  shot-firing  time  also  occurred  shortly  thereafter 
at  a  mine  near  Benton  and  another  in  a  mine  near  West  Frankfort. 
Fortunately,  large  loss  of  life  was  prevented,  as  the  miners  were  out 
of  the  mine  at  the  time,  there  being  a  State  law  requiring  that  all 
men  except  shot  firers  should  be  out  of  the  mine  during  shot  firing. 

Data  as  to  the  costs  of  these  destructive  explosions  throughout  the 
field  are  not  obtainable,  but  a  heavy  expense  must  be  charged  against 
explosions  and  fires  from  the  use  of  black  blasting  powder.  In  one 
of  the  accidents  mentioned  above,  the  mine  was  practically  new,  and 
had  shipped  only  about  150,000  tons  of  coal,  when  an  explosion 
occurred  at  shot-firing  time,  which  killed  the  shot  firers  and  set  the 
mine  on  fire,  the  flames  reaching  the  top  of  the  hoisting  shaft  and 
preventing  any  recovery  operations.  Both  shafts  had  to  be  sealed. 
The  shafts  were  kept  sealed  for  120  days  and  later  the  mine  was 
flooded.0  Shipments  of  coal  were  suspended  for  a  period  of  over  a 
year  while  the  mine  was  being  restored.  The  total  loss  due  to  flood- 
ing, suspension,  and  restoring  the  mine  to  working  condition  was 
upward  of  $175,000. 

AGREEMENT    BETWEEN    FRANKLIN    COUNTY     OPERATORS    AND 

MINERS. 

A  feeling  of  extreme  uneasiness  existed  at  this  time,  and  operators 
and  miners  considered  means  that  might  end  such  disasters.  This 
crystallized  in  the  agreement  between  Franklin  County  operators  and 
miners,  which  commendably  aimed  to  improve  the  methods  of  using 
black  blasting  powder.  As  the  recommendations  contained  in  this 
agreement  were  a  step  forward  and  illuminate  some  special  features 
of  preparing  the  coal  face  preliminary  to  shooting,  they  are  given 
below.     "Snubbing"  of  the  coal,  the  loading  out  of  machine  cuttings 

a  Twenty-eighth  Annual  Coal  Report  of  Illinois,  State  Bureau  of  Labor  Statistics,  1909,  p.  375. 
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prior  to  blasting,  tamping  the  shot  holes  with  clay  and  not  with  coal 
dust  or  cuttings,  prescribing  that  the  drill  holes  be  not  nearer  than  12 
inches  to  the  ribs  of  the  working  place,  and  shorter  by  10  inches 
than  the  depth  of  the  undercutting  are  all  good  rules  to-day  for  use 
in  shooting  with  permissible  explosives  in  this  field.  The  agree- 
ment was  as  follows : 

AGREEMENT  RELATIVE  TO  PREPARATION  OF  FACE  FOR  BLASTING  IN  FRANKLIN 

COUNTY  MINES.a 

1.  That  the  bits  used  in  the  Franklin  County  chain-machine  mines  be  the  maximum 
width  of  2\  inches,  on  a  6-foot  bit,  and  the  length  not  more  than  6  feet. 

2.  That  a  minimum  of  25°  and  a  maximum  of  45°  holes  across  the  face  be  drilled 
for  the  ' '  buster  "  shots,  and  no  more  than  two  holes  be  fired  in  all  wide  working  places 
in  one  shift,  unless  more  holes  are  required  to  furnish  coal  for  the  day's  work. 

3.  We  recommend  that  all  coal  be  "snubbed  "  with  pick  and  wedge. 

4.  That  "snubbing  "  means  that  the  coal  must  be  snubbed  not  lower  than  the  height 
of  the  blue  band  and  back  one-half  the  depth  of  the  cutting,  and  all  coal  snubbings 
must  be  removed  from  underneath. 

5.  That  all  cuttings  from  the  electric  chain  machine  be  loaded  out  before  any  shots 
are  fired  in  the  working  places,  the  company  to  furnish  cars  promptly  for  loading  same. 

6.  That  all  drill  holes  be  tamped  with  clay,  the  company  to  furnish  clay  when  it  is 
impossible  for  the  miner  to  obtain  the  clay  within  a  distance  of  300  feet  of  his  working 
place. 

7.  That  all  shots,  when  shot  by  shot  firers,  shall  be  inspected  before  being  tamped, 
and  a  vigilant  watch  on  all  shots  be  kept  by  the  shot  firers,  and  any  excessive  use  of 
powder  used  in  any  holes  by  the  miner  and  any  dangerous  holes  be  reported  to  the 
mine  manager,  and  said  miner  shall  be  discharged. 

8.  That  all  holes  be  tamped  on  a  copper  needle,  unless  holes  be  wet,  and  we  recom- 
mend that  no  shots  be  fired  with  fuse. 

9.  That  no  holes  be  drilled  until  after  the  working  places  are  cut,  only  in  emergency 
cases,  then  "buster"  shots  may  be  drilled,  and  all  rib  holes  must  be  drilled  so  the 
powder  will  lay  no  closer  than  12  inches  of  the  rib  of  the  working  place,  and  all  holes 
must  be  drilled  at  least  10  inches  less  than  the  depth  of  the  cutting,  thus  giving  the 
powder  a  chance  to  work. 

Separate  Clause. 

In  case  the  "snubbing"  is  done  with  powder,  it  is  understood  that  the  snubbing 
holes  shall  not  be  more  than  2  feet  10  inches  above  the  top  of  the  cutting,  and  that 
said  snubbing  shall  extend  the  entire  width  of  the  place  and  shall  be  loaded  out  to 
within  2  feet  of  the  back  of  the  cut,  provided  the  snubbing  of  coal  by  pick  and  wedge 
can  not  be  agreed  upon  by  the  joint  boards. 

NEED  OF  A  SUBSTITUTE  FOR  BLACK  BLASTING  POWDER. 

The  spirit  of  the  foregoing  agreement  indicates  an  earnest  desire 
on  the  part  of  the  mining  fraternity  to  cope  with  the  problems  pre- 
sented. The  results,  although  showing  an  improvement  over  previ- 
ous conditions,  were  unsatisfactory.  The  relief  was  partial.  Fires 
continued  to  occur  at  shot-firing  time,  and  the  explosion  in  the  mine 
at  Benton  when  solid  shooting  was  in  vogue  was  repeated  later  after 

a  Adopted  in  January,  1909. 
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mining  machines  were  installed.  A  violent  explosion  occurred  at 
one  mine  from  a  shot  which  was  apparently  properly  placed  with 
less  than  two  pounds  of  powder  in  undercut  coal.  It  was  seen  that 
although  black  blasting  powder  was  an  effective  agent  in  the  produc- 
tion of  coal,  yet  its  characteristic  long  hot  flame  rendered  it  unsafe 
in  these  mines,  even  when  used  by  expert  miners  under  stringent 
regulations. 

The  problem  of  mine  fires  and  explosions  has  not  been  confined 
to  Illinois.  In  all  bituminous  coal  mines,  especially  where  explo- 
sive gas  and  dust  have  been  present,  the  need  of  a  substitute  for  black 
blasting  powder  has  been  evident.  As  early  as  1854  the  problem 
was  demanding  attention.  In  that  year  the  London  Mining  Journal 
referred  to  the  testimony  of  Mr.  George  Elliot,  a  witness  examined 
by  the  Parliamentary  Committee,0  as  follows: 

"A  very  painful  accident  happened  at  Usworth  Colliery,  of  which  I  was  owner  and 
manager,  some  time  since,  and  which  arose  from  fire  of  shot;  and  since  that  Mr.  Lee 
Pattinson,  a  practical  chemist,  and  myself  have  been  endeavoring  to  ascertain  whether 
we  could  invent  some  power  to  bring  coal  down  without  an  explosive  mixture,  such 
as  gunpowder;  and  I  am  sorry  to  say  that  no  very  successful  result  has  yet  been  arrived 
at;  but  up  to  the  present  time,  I  a'm  afraid,  notwithstanding  gunpowder  is  a  very  old 
chemical  invention,  that  very  little  progress  has  been  made  since  it  was  first  used 
and  that  we  are  in  ignorance  of  any  substitute  for  it  of  equal  power.  If  public  atten- 
tion were  called  to  it,  perhaps  science  might  discover  some  substitute." 

And  as  this  journal  had  previously  solicited  public  notice  as  to  the  subject,  we  again 
repeat  that  the  researches  of  chemical  and  electrical  discovery,  which  have  in  our 
times  produced  such  marvelous  results,  could  not  be  devoted  to  a  nobler  object  of 
scientific  ambition. 

Although  statistics  of  the  past  27  years  show  that  only  15.4  per 
cent  of  all  fatal  accidents  in  the  coal  mines  of  Illinois6  have  been 
caused  by  explosives  or  by  explosions  of  gas  or  coal  dust  due  to 
firing  of  shots  or  other  initiating  cause,  yet  mine  explosions  are  never- 
theless dreaded  because  of  their  far-reaching  effects.  The  conditions 
that  exist  in  coal  mines  tend  to  make  explosions  a  menace  to  the 
lives  of  everyone  in  the  mine,  and  therefore  any  factor  or  combina- 
tion of  factors  that  might  form  the  initiating  causes  should  be  care- 
fully controlled.  The  most  careful  man  in  the  mine  may  meet  his 
death  through  no  fault  of  his  own,  but  through  the  carelessness  or 
thoughtlessness  of  a  fellow  workman.  Miner  and  operator  are  alike 
affected  by  the  dangers  of  using  long-flame  explosives  such  as  black 
blasting  powder,  in  gaseous  and  dusty  mines. 

Experiments  during  the  past  few  years  have  conclusively  proved 
that: 

1.  The  flames  of  black  blasting  powder  and  of  dynamite  readily 
ignite  an  inflammable  mixture  of  methane  and  air. 

a  Report  of  the  Parliamentary  Committee  on  Accidents  in  Mines,  London,  1854. 

b  Editorial,  London  Mining  Journal,  1854,  vol.  24,  p.  315. 

c  Thirty-third  annual  coal  report  of  Illinois  State  mining  board,  1914,  p.  105. 
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2.  An  explosion  of  coal  dust  can  be  initiated  by  a  single  blown-out 
shot  from  black  blasting  powder  at  the  face." 

3.  The  amount  of  coal  dust,  suspended  in  the  air,  that  may  propa- 
gate an  explosion  may  be  very  small.  TafTanel,  in  France,  obtained 
explosions  regularly  with  190-mesh  bituminous  dust  with  a  weight 
of  0.07  ounce  per  cubic  foot  of  dust  cloud.  In  experiments  in  the 
gas  and  dust  gallery  No.  1  at  the  Pittsburgh  station  of  the  Bureau 
of  Mines,  propagations  have  been  obtained  with  200-mesh  dust  from 
the  Pittsburgh  coal  seam  with  as  low  a  weight  as  0.032  ounce  per 
cubic  foot  of  gallery  space.6 

4.  As  little  as  1  to  1?  per  cent  of  methane,"  an  amount  that  may 
often  be  present  without  being  detected  with  the  safety  lamp,  will, 
as  has  been  shown  by  tests  of  the  Bureau  of  Mines,  greatly  increase 
the  explosibility  of  coal  dust. 

With  these  facts  available,  it  should  be  apparent  that  the  use  of 
black  blasting  powder  and  dynamite  will  always  be  an  element  of 
danger  where  gas  and  coal  dust  are  present.  The  concussions  from 
the  shots  in  the  various  parts  of  the  mine  cause  the  supposedly 
harmless  road  and  rib  dust  to  become  suspended  in  the  air,  and  then 
a  blown-out  shot,  or  even  an  overcharged  or  undercharged  shot,  may 
initiate  an  explosion.  It  may  be  possible  to  estimate  the  number  of 
actual  explosions  that  have  occurred  in  a  particular  mining  district, 
but  there  are  no  means  of  determining  how  many  explosions  were 
prevented  only  by  the  absence  of  only  one  contributory  factor 
or  by  the  presence  of  some  hindering  influence.  Freedom  from 
"explosions  in  certain  mines  in  which  black  blasting  powder  is  used, 
where  conditions  are  known  to  border  on  the  dangerous,  is  not  be- 
cause of  systems  in  vogue,  but  in  spite  of  them. 

There  is  no  absolute  guaranty  against  mine  explosions  from  black 
blasting  powder  happening  even  hi  nongaseous  mines.  In  addition 
to  data  obtained  from  tests  at  the  experimental  mine  of  the  bureau 
there  is  other  proof.  For  example,  an  explosion  occurred  at  shot- 
firing  time  in  a  mine  in  the  Springfield  district,  111.,  in  March, 
1915,  which  killed  two  shot  fixers,  although  no  previous  trouble  had 
been  experienced  in  17  years  of  operation.     Analyses  of  return  air 

a  The  standard  method  of  initiating  an  explosion  at  the  Bureau  of  Mines  experimental  mine  near  Pitts- 
burgh, Pa.,  is  by  firing  from  a  cannon  a  charge  of  4  pounds  of  FFF  black  powder  stemmed  with  dry  clay 
producing  a  blown-out  shot,  in  the  presence  of  finely  ground  coal  dust  distributed  in  quantities  of  2  pounds 
per  linear  foot.  This  quantity  (4  pounds)  of  black  powder  is  used  to  insure  strong  initial  explosion  of  the 
coal  dust,  but  in  some  experiments  only  2  pounds  has  been  used,  placed  in  a  drill  hole  in  the  face  in  solid 
coal,  the  single  shot  causing  a  violent  dust  explosion.  Coal-dust  explosions  have  been  caused  by  black 
powder  shots  when  the  loading  of  coal  dust  was  only  0.3  pound  per  linear  foot  of  entry,  which  is  equivalent 
to  only  0.083  ounce  per  cubic  foot  of  space.  This  test  was  made  with  finely  ground  coal  dust.  Coal  dust 
that  is  all  fine  impalpable  dust  is  most  highly  explosive  and  behaves  much  like  an  inflammable  gas  when 
raised  in  a  cloud  in  the  air  and  ignited.  See  Rice,  G.  S.,  and  others,  First  series  of  coal-dust  explosion 
tests  in  the  experimental  mine,  Bull.  56,  Bureau  of  Mines,  1913, 113  pp. 

6  Rice,  G.  S.,  Explosibility  of  coal  dust,  Bull.  20,  Bureau  of  Mines,  1911,  pp.  101-102. 

c  Ric",  G.  S.,  and  Jones,  L.  M.,  Methods  of  preventing  and  limiting  explosions  in  coal  mines:  Tech. 
Paper  84,  Bureau  of  Mines,  1915,  p.  7. 
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at  this  mine  show  that  methane  is  not  present  in  appreciable  per- 
centages. A  coal-dust  explosion  happened  at  a  mine  in  the  Peoria 
district,  in  February,  1915,  during  the  firing  of  shots  of  black  blasting 
powder  by  the  night  shift.  Two  entrymen  who  had  lighted  the 
shots  and  were  on  their  way  out  of  the  mine  were  killed. 

DEVELOPMENT    OF    SHORT-FLAME    OR    "PERMISSIBLE"    EX- 
PLOSIVES. 

The  first  steps  in  the  manufacture  of  permissible  explosives 
date  back  about  30  years.  As  stated  by  Kice,a  research  was  begun 
in  Germany  in  1885  for  the  development  of  explosives  "Which  would 
not  ignite  fire  damp  and  coal  dust  under  ordinary  conditions,"  and 
in  the  coal-mining  countries  of  Europe,  including  England,  France, 
Germany,  Belgium,  and  Austria,  it  is  now  required  that  only  such 
explosives  shall  be  used  in  coal  mines  as  have  passed  certain  tests 
or  have  met  certain  requirements. 

So-called  "safety"  blasting  powders  were  introduced  into  the 
bituminous  coal  fields  of  Pennsylvania  and  West  Virginia  in  1902, 
but  it  was  not  until  1908,  soon  after  the  establishment  of  the  Pitts- 
burgh testing  station  of  the  Bureau  of  Mines  where  testing  of  explo- 
sives b  for  use  in  gaseous  and  dusty  mines  was  begun,  that  an  impetus 
was  given  to  the  manufacture  and  use  of  such  explosives  in  the  United 
States.  Since  that  time  constant  effort  has  been  made  by  manufac- 
turers to  improve  the  qualities  of  their  products,  with  the  result  that 
many  of  the  early  brands  have  been  withdrawn  from  the  market  and 
their  places  taken  by  better  ones.  The  February,  1917,  list  of  explo- 
sives contains  the  brand  names  of  153  ''permissible"  explosives.0 

WHAT  IS  A  PERMISSIBLE  EXPLOSIVE  ? 

It  should  be  noted  that  an  explosive  is  called  a  "permissible 
explosive"  when  it  is  similar  in  all  respects  to  the  sample  that  passed 
certain  tests  d  by  the  Bureau  of  Mines,  and  when  it  is  used  under 
the  following  conditions : 

1.  That  the  explosive  is  in  all  respeots  similar  to  the  sample  sub- 
mitted by  the  manufacturers  for  the  test. 

2.  That  detonators — preferably  electric  detonators — are  used  of  not 
Jess  efficiency  than  those  prescribed,  namely,  those  consisting  by 

weight  of  90  parts  of  mercury  fulminate  and  10  parts  of  potassium 
chlorate  (or  their  equivalents). 

a  Rice,  George  S.,  The  explosibility  of  coal  dust:  Bull.  20,  Bureau  of  Mines,  1911,  pp.  82-83. 

b  Systematic  tests  of  permissible  explosives  began  early  in  1909  at  the  experiment  station  at  Pittsburgh. 
The  first  list  of  explosives  passing  the  tests  was  published  by  the  bureau  May  15, 1909. 

«  Fay,  A.  H.,  Coal-mine  fatalities  in  the  United  States  during  February,  1917,  and  list  of  permissible 
explosives,  lamps,  and  motors  tested  prior  to  March  31,  1917,  24  pp. 

d  For  details  of  character  of  tests  see  pp.  101,102  of  this  report,  and  Schedule  1,  Fees  for  testing  explo- 
sives and  conditions  and  requirements  under  which  exploshes  are  tested,  Bureau  of  Mines,  1913,  8  pp. 
For  a  detailed  description  of  the  methods  used  see  Hall,  Clarence,  and  Howell,  S.  P.,  Tests  of  permissible 
explosives,  Bull.  66,  1913,  313  pp.;  Storm,  C  G.,  The  analysis  of  permissible  explosives,  Bull.  96,  1916, 
88  pp. 
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3.  That  the  explosive,  if  frozen,  shall  be  thoroughly  thawed  in  safe 
and  suitable  manner  before  use. 

4.  That  the  quantity  used  for  a  shot  does  not  exceed  1£  pounds 
(680  grams),  and  that  it  is  properly  tamped  with  clay  or  other  non- 
combustible  stemming. 

The  general  subject  of  permissible  explosives  has  been  treated  in 
various  publications  °  of  the  Bureau  of  Mines. 

Further  explanation  from  the  chemist's  point  of  view  as  to  what 
constitutes  a  permissible  explosive  is  given  in  the  following  state- 
ment by  C.  G.  Storm,6  former  explosives  chemist  of  the  Bureau  of 
Mines : 

Permissible  explosives  are  blasting  explosives  that,  having  passed  certain  tests 
prescribed  by  the  Bureau  of  Mines,  are  considered  suitable  for  use  in  gaseous  or  dusty- 
coal  mines  when  used  in  the  manner  prescribed  by  the  bureau.  The  chief  charac- 
teristics that  an  explosive  must  possess  in  order  to  pass  the  tests  are:  (1)  Relatively 
low  flame  temperature  on  explosion,  (2)  a  minimum  amount  of  explosion  flame. 
Mixtures  of  natural  gas  and  air  are  exploded  when  exposed  to  a  temperature  of  about 
650°  C.  for  about  one-tenth  of  a  second,  but  are  not  acted  upon  by  flame  of  much 
higher  temperature  if  the  flame  is  of  sufficiently  short  duration.  Thus,  although  the 
flame  temperature  of  most  permissible  explosives  lies  between  1,500°  and  2,000°  C, 
they  do  not  ignite  the  most  explosive  mixtures  of  gas  and  air  because  of  the  rapidity 
of  their  explosion,  the  duration  of  their  flame  being  only  about  two  to  five  ten-thou- 
sandths of  a  second.  Black  blasting  powder,  on  the  other  hand,  has  a  flame  tempera- 
ture of  over  2,200°  C,  and  a  duration  of  flame,  ander  the  same  conditions  of  test,  of 
approximately  one  second.  Ordinary  40  per  cent  nitroglycerin  dynamite  gives  a 
flame  duration  of  only  about  four  ten-thousandths  of  a  second,  but  its  flame  tempera- 
ture is  about  2,900°  C.  Both  black  blasting  powder  and  dynamite,  then,  fail  to  pass 
the  tests  for  permissibility,  black  blasting  powder  because  of  the  long  duration  of  its 
flame  and  dynamite  because  of  the  high  temperature  of  its  flame. 

The  problem  in  producing  permissible  explosives  is  therefore  to  formulate  explo- 
sive mixtures  that,  while  giving  a  minimum  amount  of  flame  of  short  duration  and 
low  temperature,  will  develop  sufficient  energy  to  do  the  work  of  breaking  down  coal 
in  an  economical  manner.     An  example  is  cited  below: 

By  proper  additions  of  various  ingredients,  ordinary  dynamite  can  be  so  altered  in 
composition  that  its  flame  temperature  will  be  reduced  sufficiently  to  render  the  re- 
sulting explosive  ' ' permissible.  "  If,  for  example,  a  large  excess  of  carbonaceous  com- 
bustible material,  such  as  wood  pulp,  flour,  or  corn  meal,  is  added,  the  gaseous  products 
of  explosion  are  so  altered  that  the  flame  temperature  is  greatly  reduced.  The  same 
effect  is  obtained  by  the  addition  of  water,  either  in  the  liquid  state,  in  which  form  it 
is  absorbed  by  the  other  ingredients  of  the  explosive,  or  in  the  form  of  water  of  crystal- 
lization in  such  crystalline  salts  as  alum,  or  magnesium  sulphate,  both  of  which  con- 

a  Rutledge,  J.  J.,  and  Hall,  Clarence,  The  use  of  permissible  explosives,  Bull.  10,  1912,  34  pp.  Hall, 
Clarence,  Snelling,  W.  O.,  and  Howell,  S.  P.,  Investigations  of  explosives  used  in  coal  mines,  1911,  197 
pp.  Munroe,  C.  E.,  and  Hall,  Clarence,  A  primer  on  explosives  for  coal  miners,  Bull.  17, 1911,61  pp.  Hall, 
Clarence,  and  Howell,  S.  P.,  Tests  of  permissible  explosives,  Bull.  66,  1913,  313  pp.  Munroe,  C.  E.,  and 
Hall,  Clarence,  A  primer  on  explosives  for  metal  miners  and  quarrymen,  Bull.  80, 1915, 125  pp.  Storm, 
C.  G.,  Tests  of  permissible  explosives,  Bull.  96, 1916,  88  pp.  Watteyne,  Victor,  Meissner,  Carl,  and  Des- 
borough,  Arthur,  The  prevention  of  mine  explosions,  Tech.  Paper  21,  p.  7.  Fay,  A.  H.,  Production 
of  explosives  in  the  United  States  during  the  calendar  year  1912,  Tech.  Paper  69, 1914,  8  pp.  Fay,  A.  H., 
Production  of  explosives  in  the  United  States  during  the  calendar  year  1913,  Tech.  Paper  85, 1914, 15  pp. 
Howell,  S.  P.,  Permissible  explosives  tested  prior  to  Mar.  1,  1915,  16  pp.  Fay,  A.  H.,  Production  of 
explosives  in  the  United  States  during  the  calendar  year  1914,  with  notes  on  coal-mine  accidents  due  to 
explosions,  1915,  16  pp.    Fay,  A.  H.,  Monthly  statement  of  coal-mine  fatalities  in  the  United  States. 

6  Storm,  O.  G.,  In  communication  to  the  Bureau  of  Mines,  July,  1914. 
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tain  about  50  per  cent  of  water  of  crystallization.  Similarly,  the  addition  of  inert  solid 
matter,  such  as  clay  or  powdered  rock,  which  simply  absorbs  part  of  the  heat  liberated 
by  the  explosive  reaction,  or  of  readily  volatile  inert  materials  such  as  certain  ammo- 
nium salts,  which  consume  heat  in  being  volatilized,  will  also  produce  the  character- 
istics of  permissible  explosives. 

Although  such  additions  naturally  lower  the  strength  of  the  explosive,  it  is  possible 
to  obtain  the  desired  end  and  still  produce  explosives  entirely  suitable  for  use  in  coal 
mining,  as  is  evidenced  by  the  fact  that  there  are  at  present  (July,  1914)  about  125 
explosives  on  the  "permissible  list.  " 

Careful  chemical  analyses  are  made  of  every  explosive  received  for  test,  in  order  to 
determine  whether  the  explosive  possesses  any  objectionable  chemical  features. 
Field  samples,  collected  from  time  to  time,  are  also  analyzed  in  order  to  ascertain 
whether  the  different  permissible  explosives  are  being  manufactured  in  accordance 
with  the  composition  of  the  original  sample  submitted  for  test. 

The  difficulties  encountered  by  the  chemist  in  analyzing  such  explosives  may  be 
realized  when  it  is  known  that  the  manufacturers  use  a  great  variety  of  ingredients  in 
bringing  about  the  desired  results.  About  60  to  70  ingredients  have  been  found  in  the 
various  permissible  explosives  analyzed  in  the  bureau  laboratory. 

This  short  duration  of  flame  may  be  more  clearly  expressed  to  the 
man  at  the  working  face  by  two  simple  illustrations : 

The  finger  of  one's  hand  after  moistening  may  be  touched  against 
a  red  hot  stove  or  iron  without  any  sensible  effects,  if  the  removal 
action  is  sufficiently  quick.  The  flame  of  a  burning  match  may  be 
rapidly  passed  over  a  grain  of  powder  or  a  match  head  without  caus- 
ing ignition.  In  either  instance,  the  flame  temperature  is  sufficient 
to  cause  burning  or  ignition,  but  the  time  of  contact  is  so  short  that 
no  effect  is  produced. 

CLASSES  OF  PERMISSIBLE  EXPLOSIVES. 

The  four  general  classes  of  permissible  explosives  a  and  the  charac- 
teristic materials  of  composition  are  as  follows: 

Classes  of  permissible  explosives  and  characteristic  material. 

Class.  Characteristic  material. 

Class  1.  Ammonium  nitrate  explosives.  .Ammonium  nitrate. 
Class  2.  Hydrated  explosives Nitroglycerin  with  salts  contain- 
ing water  of  crystallization. 
Class  3.  Organic  nitrate  explosives Organic  nitrates  other  than  nitro- 
glycerin. 
Class  4.  Nitroglycerin  explosives Nitroglycerin 

Of  these  four  types,  nitroglycerin  explosives  are  most  commonly 
used  in  Illinois  mines.  Nitroglycerin  explosives  contain  free  water 
or  an  excess  of  carbonaceous  combustible  material,  which  is  added  to 
reduce  the  flame  temperature.  A  few  explosives  of  this  class  con- 
tain salts  that  reduce  the  strength  and  shattering  effect  of  the  explo- 
sives on  detonation.  Nitroglycerin  explosives  have  the  advantages 
of  detonating  easily  and  of  not  being  readily  affected  by  moisture. 

o  For  detailed  description  of  classes  of  permissible  explosives,  see  Howell,  S.  P.,  Permissible  explosives 
tested  prior  to  March  1, 1915:  Tech.  Paper  100,  Bureau  of  Mines,  1915, 16  pp. 
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BATE  OF  DETONATION. 

The  rate  of  detonation  may  be  defined  as  the  rate  of  explosion,  or 
the  rate  at  which  detonation  travels  through  a  given  length  of  explo- 
sive. When  an  explosive,  which  may  consist  of  a  solid  or  liquid  sub- 
stance, or  a  mixture  of  substances,  is  acted  upon  by  a  blow  or  by  an 
initiating  compound,  such  as  mercury  fulminate,  more  stable  sub- 
stances, largely  or  entirely  gaseous,  are  formed  almost  instantaneously. 
This  conversion  process  is  called  detonation,  and  the  rate  of  detona- 
tion is  the  rate  at  which  the  conversion  takes  place  through  a  given 
length  of  explosive.  Detonation  is  more  rapid  than  the  transmission 
of  flame  from  particle  to  particle,  as  is  the  case  with  black  blasting 
powder. 

The  rate  of  detonation  is  important  in  relation  to  the  use  of  permis- 
sible explosives  in  coal  mining.  It  is  thought  that  explosives  having 
an  intermediate  rate  of  detonation  are  best  suited  for  shooting  average 
bituminous  coals  when  undercut.     Hall  and  Howell  a  state  that — 

The  rate  of  detonation  is  the  governing  factor  in  judging  the  efficiency  of  an  explosive, 
and  it  offers  the  best  single  means  for  selecting  explosives  suitable  to  meet  the  varying 
conditions  of  coal  mining. 

To  meet  the  varying  conditions  of  coal  mining  in  this  country,  the  explosive  manu- 
facturers have  devised  explosives  with  rates  of  detonation  that  range  from  4,750  to 
14,560  feet  per  second. 

CHARACTERISTIC  ACTION  OF  EXPLOSIVES. 

There  is  a  marked  difference  in  the  characteristic  action  of  black 
blasting  powder  and  that  of  permissible  explosives  and  other  detonat- 
ing explosives.  An  understanding  of  this  difference  is  of  assistance 
in  the  proper  use  of  permissible  explosives. 

When  laid  on  top  of  a  rock  and  exploded,  black  blasting  powder  does 
not  materially  affect  the  rock,  because  it  explodes  so  slowly  that  the 
gases  formed  can  lift  the  air  above  them  and  escape;  whereas  dynamite, 
if  laid  on  brittle  or  soft  rock  and  detonated,  may  shatter  it,  because 
the  dynamite  explodes  so  quickly  that  the  great  volume  of  gases 
formed  can  not  lift  at  once  the  air  confining  it  and  must  exert  pres- 
sure on  the  rock.  This  action  has  given  the  erroneous  impression  that 
dynamite  and  likewise  permissible  explosives  act  downward,  rather 
than  upward  and  outward.  Experiments  show  that  the  force  exerted 
by  an  explosive  is  equal  in  all  directions.6 

On  account  of  the  relatively  quick  action  of  permissible  explosives, 
it  has  also  been  supposed  that  no  stemming,  or  very  little  stemming, 
is  necessary  when  they  are  used  for  shooting  down  coal.  Actual  tests 
have  proved  that  the  use  of  efficient  stemming  may  increase  the  useful 

a  Hall,  Clarence,  and  Howell,  S.  P.,  Tests  of  permissible  explosives:  Bull.  66,  Bureau  of  Mines,  1913, 
p.  20. 

b  Munroe,  C  E.,  and  Hall,  Clarence,  A  primer  on  explosives  for  metal  miners  and  quarrymen:  Bull.  80, 
Bureau  of  Mines,  1915,  p.  14. 
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energy  of  a  shot  60  to  93  per  cent.a  Some  miners  have  claimed  that 
merely  plugging  the  mouth  of  the  drill  hole  with  a  lump  of  clay  is  a 
desirable  method.  Such  practices  should  not  be  permitted.  Properly 
confining  an  explosive  is  the  cheapest  and  best  way  of  using  it  so  as 
to  obtain  the  most  efficient  results. 

The  rate  of  burning  of  black  blasting  powder,  size  FF,  when  con- 
fined is  approximately  1,540  feet  per  second.5  The  larger  sizes  as 
used  in  Illinois  mines,  principally  F  and  C,  have  a  still  slower  rate  of 
burning,  whereas  the  ordinary  grades  of  permissible  explosives 
detonate  at  a  rate  of  about  7,500  feet  per  second  when  unconfined 
and  at  a  higher  rate  when  confined.  Although  a  charge  of  black 
blasting  powder  in  a  drill  hole  may  start  to  burn  at  a  uniform  rate 
when  ignited,  the  rate  of  burning  as  the  coal  breaks  and  cracks  form 
and  the  stemming  is  blown  or  shoved  back  may  decrease  before  the 
charge  is  completely  burned,  as  the  powder  tends  to  burn  slower 
when  the  pressure  is  released.  When  a  drill  hole  contains  more 
black  blasting  powder  than  is  necessary  to  break  the  coal  free,  the 
coal  falls  before  all  the  powder  has  burned  and  the  burning  powder 
may  ignite  any  gas  liberated  or  any  dust  raised  by  the  shot. 

The  same  situation  would  arise  if  a  hole  was  drilled  to  within  a 
few  inches  of  the  face  of  another  room  or  working,  as  in  "holing 
through"  a  crosscut,  or  in  slabbing  pillar  coal;  the  coal  beyond  the 
hole  would  offer  little  or  no  resistance  to  the  blast.  Often  a  poorly 
tamped  hole  results  in  a  blown-out  shot,  and  the  flame  of  the  burning 
powder  may  extend  several  feet  from  the  mouth  of  the  drill  hole, 
and  if  inflammable  dust  or  a  small  percentage  of  inflammable  gas  is 
present  may  initiate  an  explosion.  Even  when  the  shot  appears  to 
be  correctly  charged,  its  effect  may  be  that  of  an  overcharge  in  the 
presence  of  a  slip,  a  fault,  partings,  or  soft  streaks  in  the  coal,  or  of 
an  undercharge  in  the  presence  of  thick  "sulphur"  bands,  with  the 
result  that  the  shot  "  throws  "  flame. 

One  of  the  fundamental  distinctions  between  black  blasting  powder 
and  permissible  explosives  is  that  black  blasting  powder  by  reason 
of  its  comparatively  slow  rate  of  burning  exerts  a  wedging  or  heaving 
action,  and  as  pointed  out,  any  excess  energy  over  that  required  to 
break  down  the  coal  may  be  expended  on  the  air,  possibly  giving 
rise  to  a  "wind}""  and  therefore  dangerous  shot;  whereas  with  a 
permissible  explosive  the  action  is  more  instantaneous  and  any 
excess  energy  of  the  explosive  is  expended  on  the  coal  with  some 
shattering  effect,  but  with  the  danger  of  a  blown-out  shot  reduced  to 

a  Snelling,  Walter  O.,  Hall,  Clarence,  The  effect  of  stemming  on  the  efficiency  of  explosives:  T.  P.  17, 
Bureau  of  Mines,  1912,  p.  18. 

6  Hall,  Clarence,  Snelling,  W.  D.,  and  Howell,  S.  P.,  Investigations  of  explosives  used  in  coal  mines 
with  a  chapter  on  the  natural  gas  used  at  Pittsburgh,  by  G.  A.  Burrell,  and  an  introduction  by  C .  E .  Hun- 
roe:  Bull.  15,  Bureau  of  Mines,  1911,  p.  174. 
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a  minimum  if  the  charge  limit  has  not  been  exceeded.  Because  of 
the  quick  action  of  permissible  explosives  the  amount  used  should  be 
judged  closely.  The  effect  of  the  sudden  release  of  pressure  from 
the  discharge  of  a  permissible  explosive  is  often  observed  on  the 
stemming  of  a  well-tamped  shot.  The  clay  plug  will  be  compressed 
and  hardened  for  several  inches  at  the  end  that  was  nearest  the 
explosive,  but  the  rest  of  the  plug  will  not  be  affected. 

However,  the  shattering  effect  of  a  permissible  explosive  in  a 
well-directed  and  properly  charged  hole  is  confined  to  the  coal  in  the 
immediate  vicinity  of  the  bore  hole,  and  where  the  coal  is  undercut 
the  amount  of  lump  coal  obtained  is  equal  to  that  obtained  with 
black  blasting  powder. 

GROWTH    IN    THE    USE    OF    PERMISSIBLE    EXPLOSIVES    IN 

ILLINOIS  MINES. 

The  use  of  permissible  explosives  in  Illinois,  although  covering 
only  a  comparatively  recent  time  and  restricted  areas,  nevertheless 
forms  an  interesting  part  of  the  coal-mining  history  of  the  State. 
Practically  all  early  mining  with  explosives  was  done  with  black 
blasting  powder;  therefore  miners  were  accustomed  to  its  use,  and 
even  though  acquainted  with  its  dangers  in  a  general  way,  they 
accepted  these  as  a  necessary  hazard  of  the  industry.  After  the 
explosions  recorded  in  1908,  relief  was  sought.  About  this  time,  the 
Federal  Government  had  through  experiments  brought  to  the  atten- 
tion of  the  mining  public  the  fact  not  generally  acknowledged  that  a 
blown-out  shot  of  black  blasting  powder  could  cause  a  violent 
explosion  with  certain  coal  dusts  without  the  presence  of  inflammable 
gas,  and  had  advanced  the  possibilities  of  increased  safety  through 
the  use  of  permissible  explosives.  Illinois  coal  operators  began  to 
investigate  the  merits  of  these  short-flame  explosives. 

Perhaps  the  first  tests  in  the  State  of  permissible  explosives  were 
made  at  Dering  No.  18  mine,  West  Frankfort,  in  1909.  The  results 
were  favorable.  Shortly  thereafter  tests  were  made  in  various 
mines  to  determine  the  success  or  failure  of  permissible  explosives 
under  existing  conditions. 

At  the  United  Coal  Co.'s  No.  1  mine,  near  Christopher,  trial  shots 
were  made,  and  it  was  at  this  mine  that  later  the  tests  for  determining 
the  prices  at  which  permissible  explosives  should  be  supplied  to  the 
miners,  under  the  working  agreement  between  the  operators  and  the 
miners,  were  conducted.  At  the  first  test  five  shots  were  arranged  by 
the  explosives  manufacturer's  representative,  and  it  was  then  decided 
that  the  shots  be  fired  by  the  shot  firers  in  the  usual  manner.  The 
officials  of  the  coal  company  were  present  and  waited  to  go  below  to 
observe  the  results.     After  the  shots  were  fired,  a  telephone  message 
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came  from  below  to  the  effect  that  the  shots  had  not  worked.  This, 
of  course,  was  disappointing,  and  the  officials  returned  to  head- 
quarters thinking  the  results  a  failure.  When  the  coal  was  loaded 
out  the  following  day  it  was  seen,  however,  that  four  of  the  five 
shots  had  done  good  work,  and  that  the  shot  firers  had  arrived  at 
their  conclusions,  not  by  a  careful  examination,  but  more  from  the 
detonations  of  the  blasts,  the  report  being  somewhat  sharper  than 
the  well-known  resounding  "boom"  of  black  blasting  powder.  More 
tests  were  made  with  favorable  results,  and  in  a  short  time  about 
75  per  cent  of  the  miners  in  this  mine  were  using  permissible  ex- 
plosives, although  some  of  the  miners  were  still  opposed  to  their  use. 
Fortunately  there  were  a  number  of  miners  who  had  used  similar  ex- 
plosives in  England,  Wales,0  and  Belgium,  and  these  were  in  a  re- 
ceptive mood,  but  to  the  majority  of  miners  the  use  of  these  explosives 
was  new. 

Tests  were  also  made  at  the  Hart- Williams  No.  1,  Benton  No.  1, 
Zeigler  District  No.  1,  Christopher,  Rend,  Sesser,  Zeigler,  Dering 
No.  11,  and  Hanaford  mines,  and  the  use  of  permissible  explosives 
was  slowly  introduced  in  these  mines.  In  a  number  of  mines  the 
miners  were  given  their  choice  of  using  either  a  permissible  explosive 
or  black  blasting  powder.  In  two  mines  this  resulted  in  discontinuing 
the  use  of  black  blasting  powder  through  popular  choice.  In  another 
mine,  where  for  a  year  permissible  explosives  were  used  in  entries 
and  black  blasting  powder  in  rooms,  fires  continued  to  occur  regu- 
larly in  rooms,  but  none  in  entries,  and  finally  permissible  explosives 
came  to  be  used  entirely.  It  was  found  that  where  the  coal  was 
properly  undercut  and  ' '  snubbed ' '  the  use  of  permissible  explosives 
gave  as  good  results  as  black  blasting  powder  and  little,  if  any,  in- 
crease in  the  production  of  slack  coal. 

In  1910  two  hew  mines  were  opened,  the  United  Coal  Co.  No.  2 
mine  at  Buckner  and  Old  Ben  No.  8  mine  at  West  Frankfort.  These 
mines,  each  with  a  daily  capacity  of  4,000  tons,  have  used  only  per- 
missible explosives  from  the  beginning. 

By  1911  several  mines  were  using  permissible  explosives  exclu- 
sively. The  West  mine  at  West  Frankfort,  opened  in  1912,  began 
their  use  in  1913.  Since  1913  all  the  mines  opened  in  this  district  have 
used  permissible  explosives,  including  Old  Ben  No.  9,  Christopher 
No.  2,  and  the  Orient  mine.  Old  Ben  No.  9  mine  was  developed  en- 
tirely with  permissible  explosives,  producing  more  than  2,000  tons 
daily  within  11  months  from  the  time  the  coal  was  reached. 

The  Shoal  Creek  Coal  Co.,  at  its  Panama  mine,  having  had  much 
trouble  from  local  explosions  and  fires  from  use  of  black  blasting 
powder,  made  a  change  to  permissible  explosives  in  the  spring  of  1913, 

a  In  Great  Britain  those  explosives  which  pass  the  required  tests  are  called  "permitted  explosives." 
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a  special  test  being  conducted  by  a  local  powder  commission.0  In 
July,  1914,  the  Saline  County  Coal  Co.  made  a  change  from  black 
powder  without  shot  firers  to  permissible  explosives  with  shot  firers 
at  the  Saline  No.  3  mine,  Harrisburg.  The  joint  State  powder  com- 
mission0 issued  the  following  statement,  June  5,  1914,  in  settlement 
of  the  powder  question  at  this  mine : b 

We,  the  joint  State  powder  commission,  who  were  called  to  review  a  local  test  held 
by  the  local  powder  commission  at  Saline  County  Coal  Co.'s  mine  No.  3,  find  that  the 
test  was  carried  out  as  per  contract.  We,  therefore,  jointly  recommend  that  when 
"permissible  explosive"  is  installed  in  this  mine  in  order  to  insure  greater  safety  of 
the  miners  and  to  protect  the  company  from  mine  fires  the  brand  agreed  upon  by 
the  local  powder  commission  shall  be  the  brand  of  permissible  explosive  used  during 
the  life  of  this  contract,  unless  otherwise  mutually  agreed  upon.  Detonators  will  be 
delivered  at  the  shaft  bottom  and  permissible  explosive  be  delivered  as  per  State 
contract. 

In  January,  1916,  the  New  mine  of  the  Middle  Fork  Mining  Co.  was 
first  operated  on  a  commercial  basis;  permissible  explosives  are 
being  used  exclusively. 

The  Eldorado  Coal  &  Mining  Co.  began  to  use  permissible  ex- 
plosives in  April,  1916,  at  the  Seagraves  mine,  Eldorado,  after  a 
month's  test.  During  a  period  of  14  months  5,372  fires  were  reported 
at  this  mine  from  black  blasting  powder,  and  the  introduction  of  per- 
missible explosives  fills  a  long-felt  need. 

The  results  of  the  use  of  permissible  explosives  have  been  most 
favorable  in  these  various  mines.  Data  as  to  costs  of  explosive  per 
ton,  sizes  of  coal  produced,  and  the  advantages  of  permissible  ex- 
plosives are  discussed  later  in  this  report. 

DATA  ON  MINES  USING  PERMISSIBLE  EXPLOSIVES. 

Figure  2  shows  the  location  of  Illinois  mines  in  which  permis- 
sible explosives  are  now  being  used.  Table  1  lists- the  companies 
using  permissible  explosives,  gives  data  as  to  the  location  of  mines, 
date  of  opening  of  mine,  date  of  starting  to  use  permissible  explo- 
sives, material  of  construction  of  surface  magazine,  approximate 
average  daily  tonnage,  depth  of  coal  from  surface,  average  thick- 
ness of  coal,  total  number  of  employees,  number  of  underground 
workers,  total  number  of  loaders,  number  of  machine  men,  number 
and  type  of  machines,  depth  of  undercutting,  number  of  shots  per 
shift,  number  of  shot  firers,  total  daily  wages  of  shot  firers,  size  of 
cartridge  used,  method  of  firing,  and  average  tonnage  produced  per 
25-pound  box  of  permissible  explosive. 

a  A  joint  State  powder  commission  is  provided  for  in  the  agreement  between  the  Illinois  coal  operators 
and  the  miners  for  the  settlement  of  any  differences  that  can  not  be  settled  locally  when  a  change  of  powder 
is  to  be  made.  The  work  of  this  commission  includes  settlement  of  disagreements  relating  to  both  black 
blasting  powder  and  permissible  explosives.  Powder  questions  are  first  taken  up  locally  by  a  local  com- 
mittee provided  for  under  the  same  agreement  and  consisting  of  six  representatives,  three  for  the  miners 
and  three  for  the  operators.  If  any  disagreement  can  not  be  settled  locally,  it  then  goes  before  the  joint 
powder  commission  for  final  decision.  See  pages  95-97  for  the  duties  of  this  commission,  agreement 
relative  to  settlement  of  powder  questions,  and  procedure  in  making  powdertests. 

b  Quarterly  Bulletin,  The  Illinois  Coal  Operators  Association,  vol.  6, 1914,  p.  113. 
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Figure  2.— Map  of  Illinois  coal  field,  showing  location  of  mines'in  which  permissible  explosives  are  used. 
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Table  1. — Companies  using  permissible  explosives  exclusively 
[Coal  No.  6  mined  in  Franklin  and  Montgomery  Counties,  coal  No.  5  in  Saline  County.] 


Operator,  mine,  and  nearest  town. 


Franklin  County. 

United   Coal   Mining   Co.,   No.    1 

mine,  Christopher. 
Hart-Williams   Coal   Co.,f>   No.    1 

mine,  Benton. 
Benton   Coal  Co.,&   No.    1   mine, 

Benton. 
Producers  Coal  Co.,  No.  18  mine 

(formerly  Dering),West  Frankfort. 
United  Coal  Mining  Co.,  No.  2  mine, 

Buckner. 
Producers  Coal  Co.,  No.  19  (former- 
ly Dering  No.  11)  mine,  West 

Frankfort. 
Old  Ben  Coal  Corporation,  No.  8 

mine,  West  Frankfort. 

Bell  &  Zoller  Mining  Co.,  No.  1 
(formerly  Zeigler  Coal  Co.)  mine, 
Zeigler. 

Christopher  Coal  Mining  Co.,  No.  1 
(Old  North)  mine,  Christopher, 
formerly  operated  by  Zeigler  Dis- 
trict Collieries  Co. 

John  A.  Logan  Coal  Co.,  No.  1  mine, 
Logan  (formerly  Benton  District 
CoaKCo.),  Hanaford. 

Sesser  Coal  Co.,  Sesser  mine 

West  Frankfort  Coal  Co.,  No.   1 

mine,  West  Frankfort. 
W.  P.  Rend  Collieries  Co.,  No.  1 

mine,  Rend. 
Christopher  Coal  Mining  Co.,  No.  2 

(New  North)  mine,  Christopher. 
Old  Ben  Coal  Corporation,  No.  9 

mine,  West  Frankfort. 
Chicago,  Wilmington  &  Franklin 

Coal  Co.,  No.  1  mine,  Orient. 
Middle  Fork  Mining  Co.,  New  mine, 

Benton. 

Total 

Average 

Montgomery  County. 

Shoal  Creek  Coal  Co.,  No.  1  mine, 
Panama. 

Saline  County. 

Saline  County  Coal  Co.,  No.  3  mine, 
Harrlsburg. 

Eldorado  Coal  &  Mining  Co.,  Sea- 
graves  mine,  Eldorado. 


Total. . . . 
Average . 


Grand  total 

Grand  average. 


Date  of  open- 
ing of  mine. 


Date  of  begin- 
ning use  of 
permissible 
explosives. 


Sept.,  1905. 
Sept.,  1907. 

1905 

1907 

Aug.,  1910. 
1904 


Sept.  1910.. 

1903 

1908 


Jan.,  1909... 


1906 

Sept.,  1912. 

Jan.,  1906.. 

Mar.,  1914.. 

Oct.,  1914.. 

Dec,  1914.. 

1915 


Sept.,  1905.. 

1911 

1908 


1909 

1909 

1909 

1910 

Aug.,  1910. . 
Sept.,  1910.. 

Sept.,  1910.. 

Dec,  1910... 


Material  of 
construction 
of  magazine. 


July,  1911.. 

Dec,  1911.. 
Aug.,  1913. 

Sept.,  1913. 

Mar.,  1914.. 

Oct.,  1914.. 

Dec,  1914.. 

1915 


Brick 

....do 

....do 

....do 

Hollow  tile. 
Brick 


Wood,  cov- 
ered with 
tar  paper. 

Cement 


Brick. 


Corrugated 
sheet-iron. 


Concrete 

Concrete 

block. 
Brick 


....do 

Concrete.. . 
Brick 


Wood  ("tem- 
porary). 


May,  1913... 

July,  1914... 
Apr.,  1916... 


Brick . 


.do. 


Wood  and 
corruga- 
ted sheet 
iron. 


3,000 
2,400 
2,500 
1,300 
4,000 
2,000 

4,400 

3,800 

3,000 

1,000 

3,000 
1,700 

2,000 

3,500 

3,800 

3,800 

(d) 


45,200 
2,825 


2,500 


2,700 
2,000 


4,700 
2,350 

52,400 
2,750 


Feet. 
500 

630 

634 

510 

472 
494 

460 

417 

518 

700 

647 
443 


Ft.  in 
*9     e 


7 
*10 
10 
550     10 


f,()(l 


541 


270 
450 


360 


*8 


9      5 


7 
4     1 


5    11 


a  From  annual  coal  report  of  Illinois,  1915,  except  those  marked  with 
6  Some  black  powder  used  in  drawing  pillars  in  1911. 
c  Double  shift. 


an  asterisk  (*). 
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and  pertinent  data  as  to  methods.     Data  to  Apr.  1,  1916. 

[Coal  No.  6  mined  in  Franklin  and  Montgomery  Counties,  coal  No.  5  in  Saline  County.] 


Number  of 
employees. o 


451 

558 
570 
358 
620 

300 

548 


483 
28' 

434 

40n 
44.3 


413 
518 
510 
238 


231  > 
395 

325 
150 

576     342 
275     146 


171 
617 
419 


350 
394 

24 

100 


20     10 


463     325     32  /  22 
262     185     26     13 


394 

4C8 
400 

428 
*95 


256 
289 
260 
300 
*66 


7,319  6,6284,360 
430     390     256 


594     546     335 


425 
311 


J36 

3>> 


,649 
432 


224 
*205 


682     429 
341     215 


,8565,124 
392     256 


Type  of 
machine. 


Breast 

do 

do 

do 

do 

Air  puncher. 

Breast 


.do. 
.do. 

.do. 


Air  puncher 

short  wall. 

Breast 


....do 

....do 

do 

Shortwall . 
Breast 


Breast . 


Breast . 


r4  shortwall . 
.8  breast 


Feet. 
6 

7 

6 

6 


5.5 

6 

6 

5 

7 


E  - 


2.50 
200 
260 
120 
320 
165 

32!  i 

31 K  l 

260 


>  250 
130 

240 

250 

240 

225 

Just 
ing. 


o 

o 

£ 

o 

— 

a 

* 

>> 

S 

- 

•a 
"3 

a 

'A 

Eh 

Size  of  car- 
tridge used. 


4  18.84. 

4  18.84 

4  18.84 

2  9.42 
1  18.84 

3  14.13 

28.26 


If      by       7 

inches. 
It      by      6 

inches. 
....do 


.do. 


....  3,640 
6. 3     228 


300 


2J:. 
6  I}22 


445 

223 


....,4,385 
6+     231 


4    18.84 
2|    9.421. 

4    18.84. 

4    18.84 

4    18.84 

4    18.84 

I 
develop- 

61(287.31 
4    18. 00 


11     by      7 

inches. 
11      by      6 

inches. 

11  by  7 
inches. 

If  by  6 
inches. 

11  by  6  in- 
ches, 11 
by  7  in- 
ches. 

11  by  6 
inches. 


.do. 
.do. 


.do. 
.do. 


11      by      7 

inches. 
11      by     6 

inches. 


4   18.84!  If      by      7 
inches. 


4   20.06   11      by      6 
inches. 

..do 


8  39.82 
4   19.91 


73  345. 97 
4,  18.21 


=  -, 


agt 


Method  of  firing. 


o  ©  g 

to  a 


Fuse    and    No. 

detonator. 
....do 


.do. 


..do. 

..do. 
..do. 


Battery  and  No.  6 
electric  detonator 

Fuse    and    No.    6 
detonator. 

do 


.do. 


.do. 

.do. 


.do. 

.do. 


Battery  and  No.  6 
electric  detonator. 

Fuse  and  No.  6 
detonator. 

do 


Fuse    and    No.    6 
detonator. 


.do. 
.do. 


140 
130 
145 
126 
130 
125 


144 

170 

128 

202 
138 

120 

176 
150 
140 


145 
107 

215 


d  Producing  600  tons  daily;  just  being  developed. 

«  First  month's  production,  250  to  290  tons  in  rooms,  150  tons  in  entries. 
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In  the  mines  listed  in  Table  1 ,  permissible  explosives  are  now  used 
exclusively.  As  noted  in  the  table,  the  total  average  daily  tonnage 
of  the  19  producing  mines  is  52,400  tons,  or  2,750  tons  per  mine. 
The  total  number  of  employees  is  8,649,  or  more  than  11.44  per 
cent  of  the  total  number,  75,607,  employed  in  the  mines  of  the  State." 

Of  the  mines  listed,  those  in  which  permissible  explosives  have 
been  used  exclusively  from  the  start  are:  Mine  No.  2,  United  Coal 
Mining  Co.,  Buckner;  Mine  No.  8,  Old  Ben  Mining  Corporation,  West 
Frankfort;  Mine  No.  9,  Old  Ben  Mining  Corporation,  West  Frank- 
fort; Mine  No.  2,  Christopher  Coal  Mining  Co.,  Christopher;  Mine 
No.  1,  Chicago,  Wilmington  &  Franklin  Coal  Mining  Co.,  Orient; 
New  mine,  Middle  Fork  Mining  Co.,  Benton. 

Tests  have  been  made  at  the  No.  6  mine  of  the  Saline  County  Coal 
Co.,  Grayson,  in  the  No.  5  seam,  and  permissible  explosives  were 
used  in  all  entries  on  trial  during  the  month  of  March,  1915.  Good 
results  were  obtained  and  the  tests  showed  that  permissible  explo- 
sives would  be  cheaper  for  the  miner.  The  company  is  anxious  to 
introduce  permissible  explosives  at  this  mine  on  account  of  the 
numerous  fires  resulting  from  the  use  of  black  powder.  Since  the 
company  took  over  this  property  in  1914,  solid  shooting  has  been 
supplanted  by  machine  mining.  Although  past  experience  has  shown 
the  danger  of  using  black  blasting  powder,  the  acceptance  of  permis- 
sible explosives  by  the  miners  has  been  delayed,  and  the  matter  has 
been  referred  to  the  joint  State  powder  commission. 

In  addition  to  the  mines  listed,  permissible  explosives  have  been 
used  to  some  extent  in  other  mines  in  Illinois  for  special  work. 
Among  these,  the  Wasson  Coal  Co.  used  some  in  its  new  slope  mine 
No.  2,  at  Carriers  Mills,  in  1914,  in  development  work  when  the  coal 
was  first  reached.  In  1915,  the  Canton  Coal  Co.,  Canton,  used  a 
small  amount  of  these  explosives  in  rock  work;  the  Marion  County 
Coal  Co..  Centralia,  used  about  200  pounds  in  a  test  in  blasting  coal, 
and  the  New  Enterprise  Coal  Co.,  used  1,725  pounds  for  shooting 
wet  holes  at  their  stripping  operation  at  Marion,  111.  Permissible 
explosives  have  been  used  in  some  entry  work  at  No.  1  mine,  Royal- 
ton,  but  have  not  come  into  general  use  throughout  the  mine.  Of  the 
20  mines  in  Franklin  County,  all  use  permissible  explosives  exclu- 
sively, except  two  at  Royalton,  and  one  at  Freeman. 

COST  OF  PERMISSIBLE  EXPLOSIVES  TO  OPERATOR  AND  TO  MINER. 

It  has  been  the  custom  for  many  years  in  Illinois  mines  for  the 
operators  to  sell  the  black  blasting  powder  to  the  miners,  at  a  price 
that  has  been  specified  in  the  jointly  made  annual  or  biennial  con- 
tracts between  operators  and  miners. 

o  Annual  coal  report  of  Illinois  for  1915,  State  Mining  Board,  1916,  p.  2. 
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The  selling  price  of  permissible  explosives  during  the  introductory 
period  ranged  from  $3  to  S3 .50  per  25-pound  box.  In  some  instances, 
so  it  was  claimed,  this  increased  the  cost  to  the  miner  about  1  cent 
per  ton  of  coal,  whereas  in  other  instances  there  was  no  marked  dif- 
ference compared  with  black  blasting  powder  selling  at  SI. 75  per 
25-pound  keg,  because  the  production  with  permissible  explosives 
was  found  to  be  approximately  in  the  proportion  of  2  tons  to  1  with 
black  blasting  powder.  As  soon  as  the  success  of  permissible  explo- 
sives was  assured  the  miners  raised  the  issue  as  to  their  rights  in  the 
establishment  of  the  price  of  the  explosive  to  come  under  the  opera- 
tion of  their  contract.  In  making  his  report  to  a  State-wide  meet- 
ing of  the  miners  Groce  Lawrence  made  special  mention  of  the  intro- 
duction of  permissible  explosives  during  the  fall  and  winter  of  1909 
and  1910,  as  follows  :a 

The  United  Coal  Mining  Co.  at  Christopher  was  experimenting  with  a  permissible 
explosive.  At  Sesser,  the  Franklin  County  Collieries  Co.  was  making  a  test  of  another 
permissible  explosive,  and  at  Rend  City  the  Rend  Coal  Co.  was  experimenting  with 
some  other  brand. 

Board  Member  Smith  and  myself  had  this  permissible  explosive  question  up  with 
these  operators  on  several  different  occasions  prior  to  April  1,  1910,  but  nothing  definite 
was  done  other  than  to  inform  them  and  the  miners  in  their  employ  that  if  they  wished 
to  change  from  the  powder  then  in  use  to  this  new  explosive  they  would  have  to  file 
a  petition  and  handle  the  proposition  in  its  entirety  as  provided  for  in  the  eighth 
clause  of  the  State  agreement. & 

On  several  occasions  the  miners  of  Franklin  County  spoke  to  me  about  buying  and 
using  these  new  explosives.  I  always  took  the  time  and  pains  to  explain  to  them 
what  their  rights  were  under  the  contract,  and  advised  them  not  to  buy  any  of  it  until 
the  question  had  been  definitely  settled  and  a  price  agreed  upon.     *    *    * 

Immediately  after  the  settlement  was  made  last  September  a  petition  was  filed  by 
the  miners  working  at  the  No.  1  mine  of  the  United  Coal  Mining  Co.  at  Christopher  to 
have  the  [joint  State]  powder  commission  make  a  test  at  that  mine  to  determine  what 
the  relative  cost  of  permissible  explosive  would  be  as  compared  to  black  powder  at 
$1.75  per  [25-pound]  keg. 

As  soon  thereafter  as  arrangements  could  be  made,  or  on  September  28,  1910,  the 
joint  powder  commission  met  at  Christopher  for  the  purpose  of  making  a  test  at  the 
No.  1  mine  of  the  United  Coal  Mining  Co.  They  devoted  about  30  days  to  the  making 
of  this  test  and  in  trying  to  reach  an  agreement  as  to  the  relative  cost. 

In  this  same  report  is  related  the  difficulty  attending  the  agree- 
ment as  to  the  relative  price,  the  miners  contending  for  a  price  of 
$2.45  per  25-pound  box,  whereas  the  operators,  on  account  of  the 
cost  of  permissible  explosives  and  certain  other  facts  as  to  relative 
productive  values,  endeavored  to  obtain  a  price  more  satisfactory 
to  them. 

a  Twenty-second  Annual  Convention  of  District  No.  12,  United  Mine  Workers  of  America,  1911,  pp.  33, 34. 
b  See  p.  96. 
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A  temporary  agreement  was  made  as  follows: 
Temporary  Agreement  of  Joint  Powder  Commission,  October  12,  1910. 

Meeting  of  the  joint  powder  commission,0  St.  Louis,  Mo.,  for  the  purpose  of  taking 
up  and  considering  the  data  and  all  matters  pertaining  to  the  test  made  with  (name  of 
permissible  explosive)  and  black  blasting  powder  at  the  United  Coal  Mining  Co.'s 
No.  1  mine,  Christopher,  111.  The  commission  agree  to  use  permissible  explosive  in 
the  above-mentioned  mine,  and  based  on  a  temporary  price  of  $2.80  a  box  of  25  pounds 
of  explosive  to  be  charged  the  miners  until  a  more  rigid  and  thorough  investigation  and 
test  be  made,  and  which  must  be  made  within  30  days  from  date,  and  should  any 
charge  be  made  other  than  $2.80  per  box  after  a  permanent  price  has  been  settled  upon 
by  the  commission  that  operator  and  miners  shall  be  paid  said  difference  as  the  case 
may  be. 

The  commission  was  agreed  that  the  use  of  permissible  explosives 
would  be  for  the  benefit  and  protection  of  life  and  property.  The 
matter  was  finally  adjusted  as  stated  by  C.  M.  Moderwell,6  president 
of  the  Illinois  Coal  Operators'  Association: 

The  temporary  agreement  of  the  joint  State  powder  commission  made  October  12, 

1910,  fixed  a  price  of  $2.80  per  box  on  the  permissible  explosive  which  was  then 
being  used  at  the  United  Coal  Mining  Co.'s  No.  1  mine  at  Christopher.  It  was  decided 
by  the  mining  company  that  the  use  of  a  permissible  explosive  was  absolutely  neces- 
sary at  this  mine,  but  the  attempt  to  introduce  it  caused  a  good  deal  of  trouble,  and 
while  the  temporary  agreement  above  referred  to  was  in  effect  for  some  time,  on 
January  17,  1911,  the  joint  powder  commission  reported  a  final  disagreement  and 
referred  it  to  the  joint  executive  board  of  the  miners  and  operators.     Early  in  March, 

1911,  the  miners'  officials  issued  orders  to  the  miners  working  in  the  mine  above 
referred  to,  as  well  as  those  in  other  mines  in  that  district,  not  to  pay  more  than  $2.45 
per  25-pound  box  of  carbonite  or  other  permissible  explosive  after  April  1.  A  special 
committee  representing  Franklin  County  met  the  miners'  board  in  Chicago  on  April  7, 
1911,  and  D.  W.  Buchanan,  for  the  operators,  and  John  H.  Walker,  for  the  miners, 
were  appointed  to  investigate  the  prices  charged  for  permissible  explosives  in  the 
East.  They  reported  at  a  meeting  of  the  joint  executive  board  held  in  Chicago 
May  10  and  11,  and  the  following  was  finally  agreed  upon: 

In  case  any  operator  desires  to  use  a  permissible  explosive,  a  price  of  $2.45  per  box 
for  (names  of  two  brands  of  permissible  explosives)  is  hereby  established  during  the 
remainder  of  the  present  contract  year,  it  being  understood  that  the  efficiency  of  the 
"permissible"  used  is  to  be  maintained  equal  to  the  same  standard  established  in 
the  joint  test  upon  which  the  above  price  was  based.  Any  dispute  arising  out  of  this 
decision  as  to  the  efficiency  of  the  "permissible"  furnished  shall  be  taken  up  the 
same  as  any  other  powder  dispute  under  the  contract. 

The  price  of  $2.45  per  25-pound  box  has  since  been  made  a  part 
of  the  contract  and  is  operative  at  the  present  time.  Although  this 
allows  a  small  margin  of  profit  compared  with  handling  black  blasting 
powder,  there  has  been  no  dissatisfaction.  However,  in  1915  and 
1916,  owing  to  the  European  war,  manufacturers'  prices  of  per- 
missible explosives  were  raised,  so  that  some  coal  companies  were 
selling  permissible  explosives  at  a  loss  of  from  50  to  75  cents 
per  25-pound  box.     Some   discussion   was   given   the   question   of 

a  See  pp.  96-97  for  duties  of  commission.  6  By  correspondence. 
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equalizing  the  losses  due  to  the  increased  cost  of  explosives  during 
the  joint  convention  in  the  establishment  of  the  new  wage  scale, 
April,  1916,  but  no  decision  was  reached,  and  the  original  contract 
is  in  force.  Explosive  is  delivered  to  the  miner  at  his  working 
place  at  $2.45  per  25-pound  box. 

KINDS  OF  PERMISSIBLE  EXPLOSIVES  USED  IN  ILLINOIS. 

There  are  at  present  four  powder  companies  selling  permissible 
explosives  in  Illinois — the  iEtna  Explosives  Co.  (Inc.),  New  York, 
N.  Y.;  the  Burton  Powder  Co.,  Pittsburgh,  Pa.;  E.  I.  du  Pont  de 
Nemours  &  Co.,  Wilmington,  Del.;  and  the  Illinois  Powder  Manu- 
facturing Co.,  St.  Louis,  Mo.  The  explosives  and  their  characteristics 
are  given  in  Table  2  following.  As  noted,  the  nitroglycerin  class 
of  explosives  is  used  almost  exclusively  in  Illinois. 

Table  2. — Permissible  explosives  used  in  Illinois  and  their  characteristics.11 


Brand  and  manufacturer. 

Size  of 

cartridge, 

inches. 

Rate  of 
detona- 
tion, b 
feet  per 
second 
in  lj-inch 
cartridge. 

Pressure/ 
pounds 

per 
square 
inch. 

U.D.C.d 
grams. 

Com- 
pression, 

small 
lead  block 

test,* 

milli- 
meters. / 

Expan- 
sion, 
trauzl 
lead  block 
test,? 
cubic 
inches. 

iEtna  Explosives  Co.  (Inc.): 

If  by  6.... 
I|by6..„ 

ljby7.... 

I}by7.... 
Ijby7.... 
ljby  7.... 
12  by  6.... 

1J  by  6.... 
I|by6.... 

9,870 
7,010 

9,540 

8,710 

10, 140 

7,490 

6,760 

11,160 
9,630 

ft  84,083 
60,140 

62,030 

ft  70, 742 
70,270 
62,470 

106,100 

82,5% 

88,770 

301 
344 

340 

325 
304 
345 
267 

294 
306 

13.8 
10.7 

10.5 

10.8 
11.7 
8.8 
12.2 

14.5 
13.2 

11  90 

Burton  Powder  Co.: 

9  70 

E.  I.  du  Pont  de  Nemours  &  Co.: 

9  52 

9  52 

7  38 

8  97 

Illinois  Powder  Manufacturing  Co.: 

Black  Diamond  No.  3-A 

Black  Diamond  No.  6-L.  F 

10.13 
9.76 

Average 

8,920 

76,355 

314 

11.8 

9  52 

a  See  Bulletin  66,  Tests  of  permissible  explosives,  by  Clarence  Hall  and  Spencer  P.  Howell,  for  sig- 
nificance of  terms  and  detailed  results  of  tests. 

6  Rate  of  explosion,  or  rate  at  which  detonation  travels  through  a  given  length  of  explosive.  Rate  of 
detonation  of  12-inch  diameter  cartridges  greater,  but  not  yet  determined  by  experiment. 

c  Maximum  theoretical  pressure  exerted  on  explosion,  in  paper  wrapper  except  where  noted. 

d  Unit  deflective  charge.  Number  of  grams  required  to  give  same  propulsive  effect  as  227  grams  of  40 
per  cent  standard  dynamite. 

e  A  certain  measure  of  relative  compressive  effect  of  explosive,  with  charge  unconfined. 

/  25.4  millimeters =1  inch. 

0  A  certain  measure  of  comparative  disruptive  effect  of  explosive. 

ft  In  tinfoil  wrapper. 

i  All  explosives  are  Class  4,  nitroglycerin,  excepting  Monobel  No.  5,  which  is  Class  la,  ammonium  nitrate, 
containing  nitroglycerin. 

Note.— The  weight  per  stick  of  explosive  varies,  there  being  40  to  53  sticks  per  25-pound  box  of 
explosive. 

GENERAL  INCREASE  IN  THE  USE  OF  PERMISSIBLE  EXPLOSIVES 
IN  ILLINOIS  AND  THROUGHOUT  THE  UNITED  STATES. 

The  following  figures  from  the  annual  coal  reports  of  Illinois  show 
the  marked  increase  in  the  quantity  of  permissible  explosives  used  in 
coal  mining  in  Illinois  during  the  fiscal  years  ended  June  30, 1911,  to 
1915:    1911,  243,099  pounds;    1912,  328,075  pounds;    1913,  603,420 
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pounds;    1914,  930,596  pounds;    1915,  1,342,334  pounds.0     This  in- 
crease is  also  shown  graphically  in  figure  1. 

The  rapid  increase  in  the  quantities  of  short-flame5  explosives  sold 
for  use  in  coal  mining  in  the  United  States  from  1901  to  1914  is  shown 
by  the  table  following: 

Quantities  of  short-flame  explosives  sold  for  use  in  coal  mines  of  the   United  States, 

1901-19U.a 


Year. 


1901. 
1902. 
1903. 
1904. 
1905. 
1906. 
1907. 


Quantity 
sold. 


Pounds. 


11,300 

288, 661 

60S, 270 

1,031,300 

1,533,575 

2,095,244 


Year. 


1908. 
1909. 
1910. 
1911. 
1912. 
1913. 
1914. 


Quantity 
sold. 


Pounds. 
2,108,610 
8,942,857 
11,820,836 
13,428,239 
18,150,618 
21,804,285 
19, 593, 892 


a  Fay,  A.  H.,  Production  of  explosives  in  the  United  States  in  1914;  Tech.  Paper  107,  Bureau  of 
Mines,  1915,  p.  13. 

In  1902  only  11,300  pounds  of  short-flame b  explosives  was  used  in 
coal  mining;  in  1913  the  amount  used  was  21,804,285  pounds.  There 
was  a  decrease  of  about  10  per  cent  in  the  amount  used  in  1914  as 
compared  with  1913.  This  decrease  is  in  harmony  with  the  smaller 
production  of  coal  during  1914. 

The  quantity  of  permissible  explosives  used  for  mining  coal  in  the 
various  coal  fields  of  the  United  States,  1910  to  1914,  is  as  follows: 

Quantities  of  permissible  explosives  used  in  different  coal  fields  in  the   United  States, 

1910-19H.a 


Coal  fields  and  regions. 

1910 

1911 

1912 

1913 

1914 

Pounds. 

1, 486, 100 

5, 967, 216 

3, 188, 785 

165, 975 

196, 560 

808, 200 

8,000 

Pounds. 

1,917,412 

6, 350, 272 

3,377,268 

337, 012 

255, 050 

1, 177, 075 

14, 150 

Pounds. 

2, 177, 172 

9, 190, 025 

3,995,485 

751, 005 

440, 825 

1, 473, 129 

122, 977 

Pounds. 
3, 294, 225 
9, 744, 810 
4, 481, 975 
2,058,075 

377, 625 
1,634,575 

213, 000 

Pounds. 
4, 380, 635 

7, 966, 464 

3,510,013 

1,364,450 
411,937 

1, 796,  750 

163, 643 

Total 

11,820,836 

13,428,239 

18,150,618 

21,804,285 

19,593,892 

a  Pay,  A.  H.,  Production  of  explosives  in  the  United  States  in  1914,  Tech.  Paper  107,  Bureau  of  Mines, 
1915,  p.  13. 
*  Not  including  Pennsylvania  anthracite  field. 

STATE  LAWS  REGULATING  THE  CHARACTER  OF  PERMISSIBLE 

EXPLOSIVES. 

The  transportation  and  storage  of  explosives,  the  preparation  of 
shots,  and  methods  pursued  in  the  firing  of  shots  are  governed  in 


o  Includes  about  8,000  pounds  of  dynamite  erroneously  reported  as  permissible  explosives. 
b  The  name  "permissible  explosives"  was  adopted  by  the  Bureau  of  Mines  in  1908. 
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general  by  the  State  mining  law  and  the  working  agreement  of  the 
operators  and  miners. a 

The  Illinois  mining  law  requires  that  all  permissible  explosives  for 
use  in  blasting  coal  in  the  State  shall  conform  to  the  following 
specifications: 

(a)  All  permissible  explosives  offered  for  sale  in  the  State  of  Illinois  shall  have 
printed  on  each  cartridge  and  individual  package  the  name  of  the  manufacturer,  the 
registered  trade-mark,  brand,  grade,  and  a  statement  that  it  conforms  in  strength  to 
that  grade  and  brand  established  by  the  United  States  Bureau  of  Mines; 

(6)  Each  shipping  case  shall  have  marked  on  it  the  total  weight  of  explosives  con- 
tained therein,  and  the  average  weight,  length,  and  diameter  of  each  stick  contained 
therein; 

(c)  Each  shipping  case  containing  permissible  explosives  shall  be  marked  "Per- 
missible explosives." 

(d)  Each  ingredient  of  a  permissible  explosive  shall  not  vary  more  than  the  per- 
mitted variation  established  by  the  United  States  Bureau  of  Mines.  & 

STORAGE  AND  HANDLING  OF  EXPLOSIVES. 

POWDER  MAGAZINES. 

Plate  III  shows  typical  powder  magazines  at  mines  in  Franklin 
County.  The  construction  includes  corrugated  iron,  wood  covered 
with  tarred  paper,  hollow  tile,  concrete  block,  brick,  and  cement. 
The  capacity  of  the  magazines  ranges  from  15  to  50  tons  of  explosive. 
Magazines  for  the  storage  of  detonators  and  fuse  are  constructed 
practically  of  the  same  material  as  the  powder  magazines.  The 
Illinois  State  mining  law  stipulates  the  location  and  construction  of 
magazines  as  follows: 

All  explosive  materials  shall  be  stored  in  a  fireproof  magazine  located  on  the  surface 
not  less  than  500  feet  from  all  other  buildings  in  connection  with  the  mine,  and  such 
magazine  shall  be  so  placed  as  not  to  jeopardize  the  free  and  safe  exit  of  men  from  the 
mine  in  case  of  an  explosion  at  the  magazine.0 

Permissible  explosives  shall  be  stored  in  magazines  constructed  in  accordance  with 
plans  that  shall  be  approved  by  the  State  mine  inspector  of  the  district  in  which 
the  mine  is  located. 

Every  magazine  shall  be  provided  with  a  wooden  floor,  which  shall  be  kept  free 
from  grit  and  dirt.  If  more  than  one  kind  of  explosive  is  kept  in  the  same  magazine, 
the  magazine  shall  be  divided  into  rooms  by  partitions.  The  different  kinds  of  explo- 
sives shall  be  kept  in  different  rooms,  but  no  detonators,  or  blasting  caps,  or  any  device 
containing  fulminating  composition  shall  be  kept  in  the  same  magazine  with  any 
explosive.  All  detonators,  blasting  caps,  or  any  device  containing  fulminating  com- 
position shall  be  kept  separate  in  a  safe  and  dry  receptacle  apart  from  any  other 
explosive. 

The  preservation  of  permissible  explosives  in  a  high  state  of  effi- 
ciency demands  that  the  magazine  be  kept  well  ventilated,  especi- 
ally during  the  summer.     At  two  mines  special  thaw  houses  are  used 

a  See  Appendix,  p.  97. 

&  See  p.  99  for  "Tolerances  for  permissible  explosives,"  promulgated  by  the  Bureau  of  Mines,  July  1, 
1915,  from  Bulletin  96,  The  analysis  of  permissible  explosives,  by  C.  G.  Storm,  1916,  pp.  80-81. 
c  Coal-mining  laws  of  Illinois:  Section  11  (b). 
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during  the  winter  months  for  thawing  and  storing  each  day's  supply 
of  explosives.  The  thaw  houses  are  heated  by  exhaust  steam  at  low 
pressure.  Usually,  however,  the  mine  temperature,  which  normally 
in  the  interior  of  illinois  coal  mines  is  60°  to  70°  F,  is  depended  upon 
to  thaw  the  explosive  and  keep  it  at  a  proper  temperature  for  use. 

The  Bureau  of  Mines  has  made  a  special  study  of  the  storage  and 
handling  of  explosives,  and  attention  is  called  to  the  bureau's  Tech- 
nical Paper  18,a  which  deals  with  the  problems  of  selection  of  site 
and  specifications  of  construction  of  magazine.  The  type  recom- 
mended by  the  bureau  is  shown  in  Plate  IV,  A,  and  details  of  con- 
struction in  figure  3.  Such  information  may  serve  as  a  guide  to 
future  construction  of  magazines  at  Illinois  mines. 

The  following  brief  comment  is  taken  from  Technical  Paper  18: b 

BUREAU  OF  MINES  MAGAZINE. 

As  a  result  of  experiments  and  of  information  furnished  by  the  manufacturers  of 
explosives,  a  cement-mortar  magazine  (PI.  IV,  A,  and  fig.  3)  has  been  erected  by  the 
Bureau  of  Mines.  The  magazine  has  a  capacity  of  20,000  to  30,000  pounds  of  explo- 
sives, and  was  built  at  a  cost  of  $400.     The  outside  dimensions  are  10  to  14  feet. 

The  salient  features  of  the  magazine  are  the  cement-mortar  walls,  sliding  door,  and 
roof.  The  cement  mortar  is  6  inches  thick  in  all  walls  and  3  inches  thick  in  the  roof 
and  the  door.  The  door  is  secured  by  two  substantial  locks.  No  metal  of  any  kind 
is  exposed  on  the  inside  of  the  magazine.  The  ventilators  above  the  floor  are  arranged 
to  prevent  the  entrance  of  bullets  or  firebrands. 

The  means  provided  for  ventilation  have  been  found  to  be  adequate,  and,  accord- 
ingly, the  storage  conditions  are  favorable  for  keeping  the  explosives  from  deterio- 
rating. The  cement-mortar  construction  is  effective  in  resisting  the  penetration  of 
rifle  bullets,  and  because  of  its  friable  nature  offers  an  additional  advantage  for  the 
reason  that,  in  the  event  of  an  explosion  in  or  near  the  magazine,  large  masses  of  mate- 
rial will  not  be  projected  over  the  surrounding  country.  The  galvanized-iron  covering 
is  fire  resisting;  it  also  serves  as  an  excellent  medium  for  protection  against  lightning, 
as  the  four  corners  of  the  building  are  properly  grounded  with  metal  rods. 

In  order  that  the  details  of  construction  may  be  thoroughly  understood,  the  follow- 
ing bill  of  materials  is  presented.  The  concrete  of  the  foundation  consists  of  one  part 
cement,  three  parts  sand,  and  five  parts  gravel.  The  cement-mortar  in  the  walls, 
door,  and  roof  consists  of  one  part  cement  to  six  parts  coarse  sand 

BILL   OF   MATERIALS. 

Lumber: 

1  piece  of  yellow  pine,  2  inches  by  6  inches  by  18  feet. 

1  piece  of  yellow  pine,  6  inches  by  8  inches  by  14  feet. 

11  pieces  of  yellow  pine,  2  inches  by  10  inches  by  10  feet. 

2  pieces  of  yellow  pine,  1  inch  by  3  inches  by  12  feet. 

4  pieces  of  yellow  pine,  2  inches  by  10  inches  by  10  feet. 

8  pieces  of  yellow  pine,  2  inches  by  6  inches  by  14  feet. 

9  pieces  of  yellow  pine,  2  inches  by  8  inches  by  10  feet. 
6  pieces  of  yellow  pine,  2  inches  by  4  inches  by  7  feet. 
6  pieces  of  yellow  pine,  2  inches  by  4  inches  by  8  feet. 
2  pieces  of  yellow  pine,  4  inches  by  4  inches  by  7  feet. 

a  Hall,  Clarence,  and  Howell,  S.  P.,  Magazines  and  thaw  houses  for  explosives:  Technical  Paper  18, 
Bureau  ofMines,  1912,  34  pp. 
t>  Hall,  Clarence,  and  Howell,  S.  P.,  work  quoted  pp.  18, 19, 25, 26. 
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B.     BUREAU  OF  MINES  CEMENT-MORTAR  THAW   HOUSE. 
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Lumber — Continued. 

2  pieces  of  yellow  pine,  4  inches  by  4  inches  by  8  feet. 
24  pieces  of  yellow  pine,  2  inches  by  4  inches  by  9  feet. 

3  pieces  of  yellow  pine,  2  inches  by  4  inches  by  14  feet. 
9  pieces  of  hemlock,  1  inch  by  10  inches  by  10  feet. 
8  pieces  of  hemlock,  1  inch  by  10  inches  by  12  feet. 
15  pieces  of  hemlock,  1  inch  by  10  inches  by  14  feet. 
28  pieces  of  hemlock,  1  inch  by  10  inches  by  16  feet. 
400  feet  of  lumber  for  framework  of  foundation. 
48  board  feet  of  16-foot  No.  2  white-pine  flooring. 
856  board  feet  of  No.  2  yellow-pine  flooring,  consisting  of  19  bundles  1G  feet  long, 

1  bundle  14  feet  long,  and  11  bundles  10  feet  long. 
Hardware: 

100  pounds  of  8d.  wire  nails. 
40  pounds  of  20d.  wire  nails. 

4  pieces  of  iron,  f  inch  by  1\  inches  by  7  feet. 

2  pieces  of  iron,  f  inch  by  1}  inches  by  18  inches. 
2  pieces  of  angle  iron,  3  inches  by  5  feet  long. 
2  pairs  of  No.  130  Coburn  trolley  hangers. 
8  feet  of  No.  4  track. 
2  end  brackets. 
1  center  bracket. 

1  heavy  iron  door  handle. 

4  brackets  with  hardwood  rollers. 

500  square  feet  of  No.  26  gage  galvanized  flat  iron. 

150  square  feet  of  galvanized  corrugated  iron. 

2  pieces  of  5-inch  by  8-inch,  J-inch  mesh,  No.  6  wire  screen. 
8  pieces  of  4-inch  by  10-inch,  f-inch  mesh,  No.  6  wire  screen. 

Cement,  sand,  and  gravel: 
80  bags  of  cement. 
200  bushels  of  sand. 
150  bushels  of  gravel. 

CONSTRUCTION   OF   THAW   HOUSES. 

What  has  been  said  of  the  construction  of  magazines  applies  equally  to  the  designing 
of  thaw  houses.  In  addition  to  protecting  thaw  houses  from  dangers  from  without, 
the  increased  sensitiveness  of  explosives  within  the  thaw  house  involves  another 
danger,  due  to  the  high  temperatures  that  must  be  maintained. 

Thaw  houses  are  usually  situated  so  as  to  be  convenient  to  the  shaft,  pit  mouth,  or 
place  where  the  explosives  are  being  used,  and  consequently  should  be  constructed 
of  material  that  would  not  be  projected  in  large  pieces  should  an  accidental  explosion 
occur.  It  is  also  essential  that  thaw  houses  be  bullet  proof,  and  protected  from  light- 
ning, unlawful  entry,  and  fire. 

In  constructing  thaw  houses  some  source  of  heat  that  can  be  kept  within  safe  limits 
must  be  introduced.  Low-pressure  steam  is  usually  available  and  when  used  at  pres- 
sures not  exceeding  3  pounds,  in  a  manner  herein  described,  it  has  been  found  to  be 
effective  and  one  of  the  safest  means  of  thawing  explosives.  The  temperature  of  the 
air  entering  a  compartment  should  never  exceed  130°  F.,  and  a  lower  temperature  is 
desirable  if  a  temperature  of  90°  F.  can  be  maintained  within  the  thaw  house. 

The  cement-mortar  thaw  house  (PI.  IV,  B,  and  figs.  4  and  5)  recently  built  by  the 
Bureau  of  Mines  for  thawing  large  quantities  of  explosives  has  a  capacity  of  500  pounds 
and  cost  complete  $200.  It  was  erected  after  a  consideration  of  the  various  details 
involved,  is  not  of  prohibitive  cost,  and  offers  the  following  advantages: 

The  cement-mortar  walls,  roof,  and  doors  protect  the  explosives  from  bullets;  the 
cement-mortar  and  galvanized-iron  covering  are  fire  resisting,  and  the  latter  furnishes 
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SECTIONAL  PLAN  "A-A" 
TRAYS  AND  RADIATOR  COYER  REMOVED 


Figure  4.— Roof  plan  and  sections  of  Bureau  of  Mines  cement-mortar  thaw  house. 
83020°— 17 3 
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a  good  conductor  for  lightning;  the  building  is  substantial;  entrance  is  difficult  and  ic 
unnecessary,  for  the  trays  can  be  entirely  removed  without  anyone  entering  the 
house  (see  PI.  IV,  B);  all  parts  of  the  house  are  accessible  for  cleaning;  the  explosives 
can  be  distributed  in  thin  layers  in  the  trays;  the  thermometers  are  easily  read  from 
without. 

The  thaw  house  of  the  Bureau  of  Mines  also  offers  the  following  advantages  in  re- 
gard to  temperature:  No  high  temperature  from  artificial  sources  of  heat  obtains  in 
the  vicinity  of  the  thaw  house;  the  low-pressure  steam,  hot-water,  or  electric  coils  are 
not  in  the  thaw  house  proper  but  in  a  separate  compartment  at  its  side,  and  hence 
particles  of  explosives  can  not  come  in  contact  with  them;  the  explosives  are  not  sub- 
jected to  the  evil  effects  of  free  steam  or  water;  the  temperature  is  surely  and  easily 
controlled  with  little  attention;  the  entrance  of  cool  air  or  the  escape  of  heat  from  the 
thaw  house  is  reduced  to  a  minimum;  the  stack  makes  possible  the  positive  circula- 
tion of  heated  air. 

DELIVERY  AND  STORAGE  OF  EXPLOSIVES  UNDERGROUND. 

DELIVERY  TO   MINER. 

The  miner  usually  orders  his  explosives  at  the  mine  office,  sign- 
ing a  slip,  a  copy  of  which  is  pasted  on  the  box  of  explosive  to  be 
delivered.     The  inscription  on  one  of  these  slips  is  given  below: 


Side 

Entry  No. 

Room 

Date 


Order  slip  for  permissible  explosives. 

Mine  No. 
Deliver  to Ck.  No. 


One  Box  Permissible  Explosive 
Name 


The  explosive  for  the  following  day  is  taken  from  the  powder 
magazine  after  quitting  time.  After  the  shots  have  been  fired,  the 
supply  ordered  is  taken  below  and  distributed  to  various  room  necks 
and  entries  by  a  powder  man  with  mule  and  car  while  the  electric 
current  is  turned  off.  Explosive  is  delivered  in  25-pound  boxes. 
The  State  law  a  reads  as  follows: 

Amount  of  powder  kept  in  mine. — (a)  No  blasting  powder  or  other  explosives  shall 
be  stored  in  any  coal  mine,  and  no  workmen  shall  have  at  any  time  in  the  mine  more 
than  35  pounds  of  black  powder  nor  more  than  25  pounds  of  permissible  explosives, 
nor  more  than  3  pounds  of  other  high  explosives,  provided  that  nothing  in  this  sec- 
tion shall  be  construed  to  prevent  the  operator  of  any  mine  from  taking  into  the  mine, 
when  miners  are  not  therein,  and  in  electrically  equipped  mines,  while  the  current  is 
turned  off  on  roadways  through  which  it  is  transported,  a  sufficient  quantity  of  powder 
for  the  reasonable  requirements  of  such  mine  for  the  next  succeeding  working  day. 
The  delivery  of  powder  into  coal  mines  shall  be  during  the  interval  after  the  shot 
firers  have  come  out  of  the  mine  and  prior  to  the  entry  of  the  day  shift  into  the  mine 
in  the  morning;  but  in  the  interim  before  such  powder  is  delivered  to  the  men,  it 
shall  be  kept  in  a  closed  receptacle. 

Explosives  shall  not  be  carried  in  the  same  car  with  tools  or  other  materials. 

As  the  working  agreement  b  places  the  responsibility  of  delivery 
of  explosives  on  the  operator,  some  mines  have  a  system  of  storing 
explosives  at  various  partings  or  sections  in  the  mine  in  wooden 

a  Coal-mining  laws  of  Illinois,  sec.  19. 

6  See  "working  agreement  between  operators  and  miners,"  p.  97. 
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Figure  5.— Elevation  and  details  of  Bureau  of  Mines  cement-mortar  thaw  house. 
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chests  with  a  capacity  of  about  220  pounds,  the  explosive  being 
taken  in  and  stored  after  the  shift  has  left  the  mine.  Explosive  is 
then  delivered  to  miners  at  their  working  places  by  the  powder  man 
on  the  following  morning  and  a  receipt  obtained.  Another  method 
of  designating  the  owner  is  to  paint  the  miner's  check  number  in 
red  on  the  end  of  the  box.  The  amount  of  explosive  delivered  per 
day  varies,  usually  the  greatest  amount  being  at  the  beginning  of  a 
two-weeks'  pay,  as  the  men  will  often  postpone  ordering  for  a  day 
or  two  when  the  close  of  a  two-weeks'  period  is  near.  In  some  of 
the  larger  mines  the  total  amount  of  permissible  explosive  used  per 
day  averages  700  pounds. 

USE    OF   POWDER    BOXES. 

The  Illinois  coal-mining  law  states  that  the  explosive  must  be  kept  in 
a  wooden  box,  securely  locked ,  with  a  hinged  lid .  The  boxes  are  usually 
kept  in  the  first  or  second  crosscut  from  the  face.  The  law  does  not 
specify  the  dimensions  of  the  powder  box  to  be  used,  but  for  the 
most  part  boxes  made  of  1-inch  board,  of  convenient  shape  and  large 
enough  to  hold  the  allowable  amount  of  explosive,  are  used.  A  great 
diversity  of  boxes  exists;  probably  about  three-fourths  of  the  boxes 
in  use  fully  comply  with  the  requirements  of  the  mining  law.  Some 
mines  show  marked  superiority  over  others  in  this  respect,  and,  to  a 
certain  extent,  the  conditions  of  storage  of  explosives  reflect  the 
attitude  of  officials  in  the  enforcement  of  safety  measures. 

Mine  inspectors  and  officials  are  constantly  urging  compliance  with 
the  law  in  detail,  and  particularly  that  boxes  should  never  be  placed 
where  power  cables  may  be  laid  in  proximity  to  them.  The  fol- 
lowing notice  is  an  example  of  the  efforts  being  made  in  this  direction: 


NOTICE   TO   EMPLOYEES. 

Extract  from  Illinois  State  Mining  Laws  (Section  19). 

"Place  and  manner  of  keeping  in  the  mine. — (b)  Every  person  who  haa  powder  or 
other  explosives  in  a  mine  shall  keep  the  same  in  a  wooden  box,  securely  locked, 
with  hinged  lid,  and  said  box  shall  be  kept  as  far  as  possible  from  the  track; 
and  all  powder  boxes  shall  be  kept  as  far  as  practicable  from  each  other  and 
each  in  a  scheduled  place.  Black  powder  and  high  explosives  or  caps  shall 
not  be  kept  in  the  same  box.  Detonating  explosives  and  detonators  shall  not 
be  kept  in  the  same  box." 

Notice  to  Employees  of  the  Coal  Mining  Co. 

This  company  will  require  an  immediate  compliance  with  the  above  provi- 
sions of  law. 

Miners  must  provide  themselves  at  once  with  lock  boxes,  keeping  explosives 
and  caps  in  separate  boxes,  and  keep  boxes  in  crosscuts  as  far  as  practicable 
from  face  of  coal  and  from  motor  tracks. 

Coal  Mining  Co., 

Gen.  Mgr. 


Tack  this  notice  on  your  powder  box , 
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DELIVERY   AND    STORAGE    OF   FUSE   AND   DETONATORS. 

Necessary  fuse  and  detonators  are  carried  into  the  mines  by  the 
individual  miners.  Fuse  is  taken  into  the  mine  in  rolls  of  50  to  100 
feet.  Double  tape  fuse  is  used  almost  exclusively.  This  is  an 
advantage,  for  even  in  dry  mines  wet  holes  are  occasionally  encoun- 
tered, and  a  cheaper  grade  of  fuse  would  be  false  economy.  During 
the  slack  summer  season  a  roll  of  fuse  may  not  be  completely  used 
in  three  to  four  months.  The  ingredients  in  fuse,  both  the  powder 
and  the  hemp  wrapping,  readily  absorb  moisture,  and  if  the  fuse  is 
exposed  to  the  damp  floor  of  the  mine  or  the  moist  air  current  it  will 
become  damp  and  be  liable  to  cause  misfires  or  dangerous  hangfires. 
Because  of  the  safety  and  economy  in  proper  storage,  it  would  be 
desirable  to  supply  an  air-tight  container,  which  could  be  furnished 
at  small  cost  to  each  miner,  suitable  for  holding  a  roll  of  fuse  and  a 
box  of  detonators. 

DETONATORS. 

Detonators,  or  blasting  caps,  are  supplied  at  normal  prices  to  the 
miners  in  boxes  of  100  at  a  cost  of  approximately  $1  per  box  for  the 
No.  6  grade.  These  are  used  almost  exclusively  in  Illinois.  The 
same  quantity  of  No.  5  detonators  can  be  purchased  for  $0.15  to 
$0.25  less  per  box  than  No.  6  at  the  local  hardware  stores,  and 
miners  sometimes  buy  them,  but  consistent  results  can  not  be 
obtained  with  No.  5  detonators.  Powder  men  "contend  that  an 
explosive  detonates  with  greater  strength  when  a  No.  6  detonator  is 
used,  and  strongly  urge  the  exclusive  use  ol  detonators  of  not  less 
strength  than  No.  6,  which  is  one  of  the  requirements  of  permissibilit}'. 
With  some  permissible  explosives  a  No.  7  detonator  must  be  used. 
If  the  explosive  has  been  stored  for  a  period  of  approximately  six 
months  in  the  magazine,  or  if  it  has  become  damp  in  the  miner's  box 
underground  or  in  a  damp  drill  hole,  the  use  of  a  No.  5  detonator  is 
not  only  inefficient  but  dangerous.  Under  these  conditions  it  is 
probable  that  a  No.  5  detonator  will  not  detonate  the  explosive 
properly,  but  will  cause  a  misfire,  or  blow  the  stemming  and  part 
of  the  explosive  out  of  the  drill  hole,  or  merely  ignite  the  explosive, 
and  start  a  fire  or  an  explosion. 

It  is  quite  probable  that  detonators  kept  underground  without 
careful  storage  for  two  or  three  months  may  become  damp  and  weak. 
Tests  have  shown  that  when  detonators  become  damp  as  little  as 
one-sixth  of  the  fulminate  has  been  known  to  explode,  which  is 
insufficient  to  detonate  a  stick  of  explosive.  The  100-dotonator 
boxes  are  provided  with  a  sheet  of  blotting  paper  which  is  sup- 
posed to  keep  out  moisture,  being  laid  on  top  of  the  caps  and  the 
cover  placed  over  it.  This  sheet  fulfills  its  purpose  when  the  box 
is  full,  but  after  the  detonators  fall  from  the  vertical  position,  it  does 
not  cover  the  ends  of  the  detonators  and  furnishes  little  protection 
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from  moisture.  Some  miners  recognize  this  faet  and  stuff  cotton  or 
paper  over  the  detonators  in  the  box  to  remedy  this  defect;  others 
who  do  not  take  such  precautions  find  that  they  have  frequent 
misfires.  To  offset  this,  R.  M.  MedUl,  superintendent  of  tho  Doring 
Coal  Co.,  first  introduced  detonators  in  boxes  of  25  each  in  Franklin 
County.  Some  companies  have  lately  been  furnishing  detonators 
in  moisture-proof  packages  of  10  each.  Tho  detonators  aro  so  packed 
that  they  do  not  come  in  contact.  With  this  stylo  of  package  tho 
minor  can  always  feel  sure  of  having  a  strong  detonator  and  tho 
packages  are  safer  to  handle  than  an  ordinary  box  of  detonators. 
(See  PI.  V,  A.)  Thoy  are  furnished  at  a  small  increase  in  cost. 
A  box  that  is  sometimes  used  contains  a  perforated  partition  which 

serves  to  hold  the  detonators  upright 
in  tho  box,  even  after  most  of  them  havo 
boon  removod,  and  a  piece  of  blotting 
paper  covers  their  open  end.  A  box  of 
this  type  used  in  metal  mines  and  quar- 
ries is  illustrated  in  Bulletin  80 a  of  the 
bureau.  Such  a  box  can  be  used  indefi- 
nitely, as  the  detonators  can  be  sold  loose 
to  tho  miners  in  small  quantities  not  to 
exceed  25  at  a  time. 

At  a  few  mines  the  miners  obtain 
their  detonators  at  the  shaft  bottom. 
This  is  regarded  as  a  much  bottor  prac- 
tice than  where  tho  miners  obtain  them 
on  the  surface  and  then  descend  on  the 
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ELECTRIC   DETONATORS. 


In  two  mines  electric  detonators  are 

Figure  6.-Electric  detonator,  showing  its     suppliod  to  the  miners  in  boxes  COO  tain- 
component  parts.  .     x  *  . 

ing  50  each.  No.  6  electric  detonators 
with  8-foot  iron  wires  are  used.  No.  6  electric  detonators  with  8-foot 
copper  wires  were  formerly  used  but  have  been  practically  replaced 
by  the  detonators  with  iron  wires.  (See  fig.  6,  which  shows  com- 
ponent parts  of  electric  detonators.) 

Many  of  the  difficulties  attending  the  use  of  fuse  and  detonators 
are  ehminated  by  the  use  of  electric  detonators,  as  they  are  not  easily 
affected  by  moisture  and  do  not  require  any  preparation  by  the 
miner.     Plate  V,  B,  shows  boxes  of  detonators  and  electric  detonators. 


o  Munroe,  C  E.,  and  Hall,  Clarence,  A  primer  on  explosives  for  metal  miners  and  quarrymen;  Bull. 
80,  Bureau  of  Mines,  1915,  p.  41. 


BUREAU    OF    MINES 


BULLETIN    137      PLATE 


BLASTING 


"^ 


A.  MOISTURE-PROOF  PACKAGE  HOLDING  TEN  DETONATORS. 


B.  DETONATORS  AND  ELECTRIC  DETONATORS. 


SYSTEMS   OF  BLASTING. 


39 


SYSTEMS  OF  BLASTING. 

UNDERCUTTING  AND  "  SNUBBING." 

In  the  Illinois  coal  mines  using  permissible  explosives  the  undercut- 
ting is  done  in  the  bottom  coal  adjacent  to  the  under  clay.  In  18  of 
the  mines  listed  all  undercutting  is  done  with  breast  chain  machines. 
Only  one  of  these  mines  uses  the  "short-wall"  type  of  machine 
exclusively,  which  cuts  across  the  face  after  first  "sumping"  in. 
Two  other  mines  have  a  few  "short-wall"  machines.  Puncher 
machines  are  used  in  two  of  the  mines  listed;  in  one  of  these  all  the 
coal  is  undercut  entirely  by  puncher  machines;  in  the  other  the 
output  is  about  equally  divided  between  puncher  and  chain  machines. 


FRONT 


SIDE 


Figure  7. — Arrangement  of  drill  holes,  No.  6  seam,  typical  of  practice  with  permissible  explosives;  coal 
undercut  by  chain  machine,  pick  and  wedge  method  of  sn  ibbing. 

After  the  coal  in  the  No.  6  seam  has  been  undercut  by  chain  machine 
it  is  generally  "snubbed,"  either  by  sledge  and  wedge  or  by  pick  on 
a  sloping  face  extending  from  the  "blue  band"  to  about  one-half 
the  depth  of  the  undercut,  as  shown  in  figure  7.  This  system  of  snub- 
bing previously  followed  in  the  Staunton  field  as  early  as  1897,  was 
introduced  in  Franklin  County  by  the  agreement  between  Franklin 
County  operators  and  miners.  All  cuttings  are  required  to  be  loaded 
out  before  any  shooting  is  done.  Sometimes  "snubbing  shots"  are 
fired. 

Figure  8  shows  methods  of  snubbing  in  entries.  In  entry  work 
the  most  general  practice  is  hand  snubbing  and  shooting  the  coal 
with  two  holes,  as  shown  at  A.     In  one  new  mine  where  development 
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work  has  been  progressing  rapidly,  the  firing  of  one  snubbing  shot, 
as  shown  at  B,  has  been  used  with  good  results.  In  the  thicker  coal 
two  snubbing  shots  are  fired  in  entries,  as  shown  at  C. 


i&3  ^^^/gg 


C 

Scale 

0       2       4       6  feet 
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Figure  X. — Arrangement  of  drill  holes  in  entry  work,  No.  6  seam,  typical  of  practice  with  permissible 

explosives. 

LOCATION  AND  ARRANGEMENT  OF  DRILL  HOLES  FOR 
PERMISSIBLE  EXPLOSIVES. 

The  size  of  drill  hole  used  in  these  mines  averages  2 \  to  2\  inches 
in  diameter.  The  two  common  types  of  drills  in  use  ("post"  and 
"grip")  are  shown  in  Plate  II,  B  and  0. 

There  is  an  agreeable  uniformity  in  the  general  arrangement  of 
shots  in  the  various  mines  in  which  permissible  explosives  are  used. 
The  working  dimensions  are  uniform  for  the  most  part,  rooms  being 
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24  to  26  feet  in  width.  The  height  of  coal  worked  varies  from  7  to 
10  feet,  7h  to  8  feet  being  the  average;  10  to  40  inches  of  top  coal 
is  left  for  roof.  A  typical  representation  of  the  drill  holes  as  to 
length,  location,  and  arrangement  in  rooms  for  mines  working  the 
No.  6  seam  in  which  the  coal  is  undercut  by  chain  machines  is  shown 
in  figure  7;  figure  8  gives  similar  details  for  entries.  Figure  9  shows 
the  arrangement  of  shots  in  mining  the  Xo.  5  coal,  in  which  no  top 
bench  is  left  for  roof. 

In  rooms  the  face  is  usually  shot  with  three  holes  drilled  parallel 
with  the  rib  and  about  12  inches  from  the  roof,  consisting  of  a  center 
hole  and  two  rib  holes  drilled  about  18  inches  from  the  ribs.  The  holes 
usually  slope  upward  about  8°  or  10°  and  are  drilled  to  a  depth  equal 
to  or  slightly  less  than  the  depth  of  the  undercutting,  which  varies 
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Figure  9. — Arrangement  of  drill  holes,  No.  5  seam,  coal  undercut  by  chain  machine,  hand  snubbing. 

from  4£  to  5  feet  with  puncher  machines  and  from  5  to  7  feet  with 
chain  machines. 

There  are  a  number  of  modifications  of  this  method.  In  some 
instances  holes  are  drilled  as  far  as  2  to  3  feet  from  the  rib  and  about 
18  inches  from  the  roof.  In  some  mines  horizontal  holes  are  drilled, 
and  these  give  good  results,  but  usually  on  account  of  the  height  of 
the  coal  and  the  difficulty  of  drilling  so  close  to  the  roof,  the  holes 
are  given  a  slight  angle.  Undoubtedly  the  best  results  are  obtained 
when  the  hole  is  only  slightly  inclined  and  the  depth  of  the  hole  is 
about  6  to  12  inches  less  than  the  depth  of  undercutting.  Usually 
in  mining  the  coal  breaks  along  certain  faces  independent  of  the 
angle  of  the  drill  hole,  but  in  the  No.  6  coal  the  cleat  is  not  very  pro- 
nounced. The  advantage  of  inclining  the  holes  is  to  cross  the  bed- 
ding planes  which  in  some  places  are  distinct.     Drill  holes  should 
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not  be  deeper  than  within  6  inches  of  a  vertical  plane  through  the 
back  of  the  undercutting.  Holes  drilled  so  that  tho  point  is  close  to 
the  rib  or  is  in  solid  coal  at  tho  back  require  more  explosive  and  yield 
a  smaller  proportion  of  lump  coal.  In  entry  work  in  those  mines 
generally  two  holes  are  used.  Sometimes  tho  hole  for  the  "buster" 
shot,  which  is  always  given  the  shortost  fuse  in  order  to  insure  its 
being  fired  first,  is  drilled  about  18  inches  from  one  of  the  ribs,  and 
the  hole  for  the  second  shot  is  drilled  9  to  12  inches  from  the  other 
rib.  On  the  next  round  tho  position  of  tho  "bus tor"  shot  and  tho 
second  shot  is  reversed,  thus  maintaining  a  square  rib. 

When  black  blasting  powder  was  formerly  used  in  these  mines, 
five  holes  were  fired  as  shown  in  figure  10.     The  two  shots  immediately 
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Figure  10.— Arrangement  of  drill  holes,  No.  6  seam,  typical  of  practice  in  Franklin  County  when  black 
blasting  powder  was  used  and  snubbing  was  done  by  powder,  in  mines  where  permissible  explosives 
are  now  used.    Method  of  snubbing  with  permissible  explosives  used  in  coal  9  to  10  feet  thick. 

above  the  "blue  band"  acted  as  "snubbing"  shots.  At  the  outset 
a  number  of  miners  practiced  tho  same  method  with  permissible 
explosive,  firing  snubbing  shots.  This  method  is  used  to  some  extent 
at  Zeigler  and  Sesser  in  mining  thick  coal — 9  or  more  feet  thick — 
and  is  strongly  recommended  as  smaller  charges  of  explosive  can  be 
used  per  shot  and  the  limit  charge  will  not  be  exceeded,  but  the 
general  practice  throughout  the  field  is  hand  snubbing.  In  some 
places  in  the  Zeigler-Christophor  field  the  "blue  band"  becomes  so 
thick,  about  12  inches,  that  it  is  left  in  place,  serving  as  the  bottom. 
When  the  work  to  be  done  requires  the  use  of  an  excessive  amount 
of  explosive  in  three  holes,  then  a  greater  number  of  holes  should 
be  drilled. 
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Permissible  explosives  have  been  used  in  shooting  off  the  solid  to 
some  extent  in  drawing  pillars  and  have  given  good  results.  It  has 
been  found  that  these  explosives  can  be  used  to  good  advantage  in 
shooting  out  the  bottom  bench  below  the  "blue  band;"  then  the 
remaining  coal  is  shot  down  as  when  undercut.  Their  use  has 
worked  satisfactorily  in  a  number  of  instances  in  "slabbing"  entries 
and  in  recovering  top  coal. 

In  a  certain  Franklin  County  mine,  hand  mining  is  done  in  some 
few  scattered  rooms  which  are  too  far  removed  from  the  machine 
districts  to  be  economically  handled  on  the  machine  basis.  Usually 
expert  miners  are  assigned  to  such  places.  Cutting  is  done  by  hand 
immediately  above  the  middle  bench  in  the  brittle  layers  of  coal 
about  2  feet  from  the  coal  roof.  Cutting  is  readily  accomplished  to 
a  depth  of  5  to  5i  feet.  When  the  "weight"  comes  on  the  coal  the 
work  of  hand  mining  is  comparatively  easy.  Permissible  explosives 
are  used  exclusively  in  this  mine  and  give  satisfactory  results  in  shoot- 
ing up  the  bottom  bench,  and  only  light  charges  are  required  to 
loosen  the  top  bench,  often  only  two  short  holes  being  necessary  to 
shoot  the  top  mass  loose  in  a  24-foot  room.  Miners  working  in  these 
rooms  gain  a  larger  tonnage  per  box  of  explosives  used  than  the 
average  for  the  regular  machine  districts  of  the  mine. 

QUANTITY  OF  EXPLOSIVE  USED. 

The  amount  of  "snubbing"  determines  to  a  large  extent  the  success 
obtained  with  permissible  explosives.  When  the  coal  is  well  snubbed 
to  a  depth  of  3  feet,  the  mass  loosened  by  the  shot  tends  to  fall  over, 
with  the  result  that  the  coal  is  won  easily  and  without  special 
danger.  Less  explosive  is  used  and  the  grade  of  coal  obtained  is 
better  than  without  snubbing. 

In  the  mines  in  the  No.  6  coal,  the  chargs  when  three  shots  are 
fired  per  room  is  usually  three  and  one-half  to  four  sticks,  or  If  to 
2  pounds,  for  the  center  or  "buster"  shot,  and  three  sticks,  or  1§ 
pounds,  for  each  of  the  rib  shots.  Practice  varies  somewhat  in  the 
different  mines ;  in  some  as  many  as  five  sticks  are  used  in  the  center 
shot,  with  four  in  each  of  the  rib  shots.  One  instance  was  noted  in 
which  six  sticks  were  used  for  the  center  shot  and  five  for  each  of 
the  rib  shots.  This  is  in  excess  of  the  limit  charge  of  1§  pounds 
which  the  Bureau  of  Mines  has  determined  as  the  maximum  safe 
loading  charge  per  hole;  a  greater  number  of  holes  should  be  employed 
with  less  explosive  per  hole.  Sometimes  four  holes  are  drilled  to 
meet  these  conditions. 

The  usual  practice  is  to  use  a  slightly  heavier  charge  for  the 
"buster"  or  center  shot  than  for  the  rib  holes.  In  some  mines  a 
number  of  the  miners  used  three  sticks  of  explosive  per  hole,  includ- 
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ing  the  center  shot.     In  such  instances,  however,  the  amount  used 
was  sufficient  to  break  the  coal  down  in  the  center. 

In  one  mine  in  the  No.  5  coal,  the  practice  of  using  a  lighter  charge 
for  the  center  shot  was  found  to  give  good  results.  Two  sticks  of 
explosive  were  fired  in  the  center  shot  and  three  in  the  rib  shots. 
The  center  shot  caused  the  coal  merely  to  sag,  tending  to  break  the 


Figure  11. — Diagram  showing  effects  of  charging  center  shot  heavier  than  the  rib  shots,  showing  tendency 
of  remaining  coal  to  break  from  ribs  after  partial  removal  of  center  support. 

mass  free  from  the  ribs.     The  effects  of  these  two  methods  are  shown 
in  figures  11  and  12. 

In  figure  1 1 ,  the  arrows  at  either  rib  indicate  the  tension  thrown 
on  the  coal  at  the  rib  by  the  weight  of  the  mass  W,  which,  through 
the  partial  removal  of  the  center  support  by  the  "buster"  shot,  acts 
as  a  cantilever  to  break  the  remaining  coal  free  from  the  ribs.     As 


FlGTJBE  12. — Diagram  showing  lines  of  stress  when  coal  is  undercut  and  sagging  in  the  middle  from  the 

discharge  of  a  light  center  shot. 

the  coal  does  not  have  much  tensile  strength,  the  weight  of  the 
partly  supported  mass  undoubtedly  helps  to  break  the  coal  free 
when  the  rib  shots  are  fired. 

The  reason  for  using  a  heavier  charge  for  the  "buster"  shot  is  to 
give  two  loose  ends  for  the  rib  shots.  The  " buster"  shot  loosens  a 
somewhat  circular  mass  at  the  center  of  the  face,  which  on  account 
of  the  snubbing  tends  to  fall  forward.  When  the  rib  shots  are  fired, 
there  is  a  side  thrust,  and  the  coal  from  these  shot3  tends  to  sink 
down  on  the  coal  loosened  by  the  "buster"  or  center  shot. 
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When  the  center  shot  is  fired  light,  as  shown  in  figure  12,  the  effect 
is  different.  When  such  a  shot  is  fired,  the  full  length  of  the  coal 
across  the  face  acts  as  a  partly  supported  beam,  which  tends  to  sag 
in  the  middle.  The  burden  on  the  center  shot  .when  the  coal  has 
been  undercut  to  a  depth  of  6  feet  is  much  less  than  on  the  rib  shots. 
The  fact  that  the  center  shot  is  charged  light  and  merely  loosens  the 
coal  at  the  center  but  does  not  break  it  tends  to  cause  a  greater 
tension  on  the  upper  part  of  the  rib,  which  aids  the  action  of  the 
explosive  in  the  corner  or  rib  shots.  It  is  necessary  that  the  rib 
shots  shall  be  shearing  shots,  and  with  thick  coal  this  makes  a  heavy 
burden  on  the  shot.  With  the  center  sagging  and  tending  to  pull 
the  coal  from  the  ribs,  the  rib  shots  have  less  work  to  do  and  throw 
the  coal  slightly  forward.  Much,  of  course,  is  dependent  on  the 
character  of  the  coal  and  its  resistance  to  shearing  action. 

Table  3  gives  records  of  shots  with  permissible  explosives  in  typical 
mines  in  Franklin  and  Saline  Counties,  with  data  on  the  method  of 
placing,  drilling,  and  loading  the  hole,  dimensions  of  hole,  amount  of 
explosive  used,  and  coal  produced. 


46 


USE   OF   PERMISSIBLE   EXPLOSIVES   IN   ILLINOIS. 


^ 


S 


"ft. 


v. 

o 

^^ 

o 

&>  e 

V 

S  p 

•3  o 

-i 

S»t1 

M 

_S  s 

V, 

-fe  e 

< 

'.-, 

fe 

a.  a. 


°-5 


•aAisoidxa 

cm 

■a 

OJ 

00 

00 

So 

US 

55 

- 

jo  xoci  pnnod-i'g  idd 

,^- 

CM 

paonpojd  [boo  jo  suox 

•pasn  oais 

oi         ci         r»         i>         t»         t> 

7 

g 

CO 

-oplxa  jo  sputtod  pnox 

io         m         to         so         co         co 

00 
re 

£ 

"g      o          o          cs          o          oo          m 

•n 

^ 

o 

•paonp 

.      o          <o          Q          o>          oo          cm 
tc      io          -^«          ift          **           -rr           io 
S 

p. 

a 

00 

-ojd  icoo  jo  suoj  icjox 

« 

* 

•paonp 

CM              --»              CO              <N              CM              CO 

M 

2           S 

-Oid  \V.O0  JO  SJBO  p3}0X 

(1 

•pasn  9A]S 

o          o          cm          cm          cm          cm 

Oi 

^2'            a* 

-ojdxa  jo  spoils  icjox 

II      — *— . 

2ooooc»oo«ooocccoccoooo 

o  II     ooo 

•Sininmajs  jo  ijjdea 

.cocococmcmcmcmcmcmcmcmcmcococo  CM.CM  cm 

CM              M«« 

q  "esnj  jo  njSuaq 

eWWHSBWBWWartSWHSSSa 

was 

.oo°0ooooaoooooooooaoocaooooooooooooo 

00              00  CO  00 

fcl 

II 

rfC.-«-t-)-lCl-«.^-l 

00                        .*• 

•pasn  eATsojdxa 

BcoMnnn-ff'Jfi'i'i'i'fff* 

CO 

jo   spoils  jo  jaquiriN 

II 

gO      -CMCO      • 

coo    • 

oo    • 

OO     'OO     • 

o 

""II      °°    ' 

CO 

•qu 

mojj  ajon  jo  eoucjsicj 

.CM      •  CMCM      • 

5      : 

CM  CM      • 

CMCM     • 

CMCM      'CMCM      • 

CM 

CM              CM     • 

ScOCOCO— '0--1000000000  0  00 

-H     II           --OO 

■J  00 1 

raojj  9[oq  jo  aotreisiQ; 

£ 

goooooooooa>a>ooooooo 

O  11       OOO 

•eioq  jo  mdea 

4tf3iOiOiOiO»n»i"jinm»f"JiOinc©cOcOiOtf"jii3 

>o          t-r-t- 

o'ajoq  jo  not^tsod 

J  -J  PS  Jo  pi  J  J  ps  -;  d  M  J  J  PS  Jo"« 

■JJPS 

J2      as          oo          so          o          co          :© 

r*               o 

ti 

•jqSiaH 

""*         rt                -H                H                -H                -1                -H 

-*               ~ 

.a 

3 

§s 

H 

22     o         o         <o         <c         o         o 

CM   |]              O 

a 

•qidaa 

CM               CM              CM              CM               CM               CM 

ft, 

: 

CM                   CO 

2     o         o         o         o         -•;         o 

e 

M 

■Sun 

rt 

-■jnojapun    jo    tjldad 

£ 

S       O             CO             1^-             00             OS             o 

t^ 

t- 

•p;oojo  jqStau 

Is-         if-         t-         r-         i>-         i> 

t- 

" 

2     o         <o         -h         cs         o         o 

00 

o 

•AJ) 

•C 

-ue  jo  uiooj  jo  mi'!A\ 

i  -         i  -         a-         i  -         «-o         •* 

~J        CI              CM              CM              CM              CM              CM 

■- 

Cv| 

•6 

a 

•a 

«> 

7; 

to 

o 

o 

A 

E 

a     co 

tn 

4     H 

o       ® 

K 

°  s     2     a     a     s     s 
>»  a     a     |     a     s     a 

-2 

1  i  rf  I 

■ 

I^      o          o          o          o          o          o 
o         o         o         o         o         o 

^   ^    «    8 

£?    P3         «         PS         2J         ^         S5 

£*    PS 

c 

W 

W 

SYSTEMS   OF   BLASTING. 


47 


CD  w* 


\~* 


©  CO  10 


ira  -*• 


OOXJOOOOCOOtOOID 

(NN«nnn«MnisncA 


ioeo««x      cococo 

MNfNNNN         CM  CM  CM  CO  CO  CO 


000000000000000000000000 


GC00O00000O0         GOOOGOCOCOGO 


COCOCOCOCOCOCO^COCO^CO 


CO  CO  CO  CD  CO  CO    CO  -r  CO  CO  CO  CO 


•  o© 
!cocm 


*v  © 


cogc 

C-»CS 


OCONOOOhhNOOO 


OOO^OO        OJCOCM©©© 


©  0$  ~«  ©  ©  ©  OS  Oi"CT>  o  o  o 


00  00  00  00  ©  ©    00  00  00  ©  1^  CI 
lO  lO  *fi  »0  lO  »C    lO  lO  lO  iO  lO  iO 


i-J-JSJ^'PSJoPhiJoPS 


00  00  ©  -<r 

C">  CM  P)  CM 


rH  Ol 


to  -j 


r-l  C> 


CM  CM 


a    a  «a 


oo  m 


o  o  o  ©  o  © 


BSSHSS 

00  00  00  00  00  00 


CO  CO 'J"  COCO" 


o© 

CM  CM 


-hoowwn 


to  to  to  to  ©  to 


JtiSJds 


©  © 

CO  CM 


©  © 

©         © 


«        _;        ^     s    m    2 


&  « 


2  ° 

-    CD 
C3  C< 


1 

s 

pH 

— 

g 

w 

c 

o' 
1* 

DC 

" 

£>; 


o«0 


e  o  - 


-IIS 

sksss 

jrfr-P 

Bs«.j2  c^fl 
•s  w  o  H;3;B 


48 


USE    OF    PERMISSIBLE    EXPLOSIVES    IN    ILLINOIS. 


>> 


■i 

"a. 


g  a, 

«  § 

2  e 


5,s 

>->  *<^ 

eo  a, 

CO 

© 

1 


•3 
a. 

•3 

o 

•8 


H 

pq 
< 


R  cd        +» 


H 

E> 
O 


•9AlS0ldX9 

to 

U5 

CO 

o 

o 

CN 

m 

S  ' 

l>> 

jo  xoq  punod'-sz"  J9d 

CN 

I-- 

■M 

CM              CN              CN 

to 

CN     I  1- 

CN 

paonpoid  jboo  jo  snox 

II  "T 

kO 

'- 

00    II  >o 

•pasti  9ats 
-0[dx9  jo  spuno'd  ie:iox 

© 

■* 

00 

lO          t~          o> 

CO     MO 

o> 

"5 

I- 

L15 

to             tc             o 

en 

to        * 
CN 

>o 

l       0 

o 

t^ 

m          o 

IO 

X5       IN 

rt 

o 

•pgonp 

^        00 

3 

EC 

-"*          *p 

,H 

CO        CO 

CO 

-oad  JEOO  jo  suo%  itnox 

CO            lO 

1 

O 

it 

CC            lO            »o 

to 

iO        — 

IC 

•pgonp 

-r 

_, 

35 

CO               CO              -^ 

s 

CO        CO 

CO 

•Old  JCOO  JO  SJT3D  WX 

CN 

rt 

•pgsn  9  ATS 

O 

^ 

rt            CN            is  • 

■^ 

-» 

J 

© 

-oj,dx9  jo  Ksrpjjs  ibjox 

_7_ 

ec 

" 

_!t__31__!l_» 

CO 

^H 

M 

^^ 

gooo 

o 

ooooccooo 

o 

© 

•gnirarag^sjo  HJd9(j 

-i" 

cococococococococo 

CO 

CO 

•9snj  jo  qiStrai 

.iwww 

HHHSWBWWH 

.00  00  GO 

00 

cocooooooooooooooo 

00 

oc 

ft. 

-*< 

-ff.              _-,--^-, 

CO* 

»o 

•p9SIl  9AIS0]dx9 

coco'* 

K 

■^'co-t'-r^'rcococO' 

CO 

jo  spoils  jo   agquiiiM 

l°  i 

o 

O 

o 

to© 

CO 

- 

,H 

CO 

•qu 

inojj  aioq  jo  90UB;stQ 

.  cn    ' 

£     : 

CN 

<N 

CN 

CNCM 

CNCN 

[59 

<N 

CN^ 

l-°S 

O 

OCNO-rcNTiOCN-r 

CN 

j      ,_, 

•JOOi 

inojj  9joq  jo  ooaB^sjQ 

.©-<© 

~ 

g  CO  too 

to 

•*C0,,r,*O*t^■'^i•r,«, 

CO 

© 

•9[oq  jo  q^d9a 

.CO  tO  CO 

to 

iC»0»0»Oif)^iOiO^ 

m 

to 

•gyoq  jo  nonisod 

p-5d« 

>4Qpii4dP5i4c5rt 

1        ° 

c 

o         o         o 

o  1 

c 

ti 

•jqSpH 

CN 

tN 

CN               CN              IM 

CN 

^, 

a 

X3 

ft 

1 

3 

2     to 

•£ 

o         ©         o 

© 

to 

a 

CO 

•qidaa 

00 

K 

CO              CO              CO 

W 

CN 

■*, 

: 

li 

1 

1     * 

tc 

to         to         to 

to  II 

CN 

•3tn; 

-inarapun    jo    qiid9<x 

to 

IO           KO           IQ 

■c  y 

to 

1  ** 

©         ©         *■* 

-  li 

£ 

•psoo  jo  ^q^pH 

.       00 

oc 

00             00             00 

00 

r- 

1  M 

©CO                © 

_, 

c 

•/Lsi 

-U9  10  wool  jo  qjpiAV 

to 
•^      cn 

If 

ON 

1 ^          I-          1  - 

CM               C-<              CN 

CN 

C-) 

ft. 

■ 

c3  : 

c    •' 

tc    • 

■d 

1-4- 

« 

O-cp 

£ 

£C 

® 

3 

IT'S 

09 

e 

0 
o 

•a 

<v 
3 
C 

j 

C 

c 

u 

"o 

O 

' 

Ji 

r"  o 

a 

fe 

"3 
o 
O 

0 

o 

o 

!                     u- 

S      : 

o 

O          ; 

j 

CN   ■> 

3 

CD 

3 
03 

s 
S 

o 

o 

ft? 

1 

w 

t: 

co     o 

t-l 
CO 

a   § 

i  i      1 

CO            '■ 

03       bi 

[ 

c 
1 

'        03-3 

fM 

cd   a 

o      t 

•  s     1 

•S       ®       o 

:     g-^ 

oo      o 

Eh      * 

4           00                                  O 

Ei     <J     C 

j    o 

tf  « 

&             « 

a 

a 

w 

w 

SYSTEMS    OF    BLASTING. 


49 


c 

§ 

8  15 
1 

lO         i-O 

c 

00       o 
I-        00 

DO 

m 
co 

03 

lO        lO 

cr 

lO 

00       oc 

•r 

s. 

00  00  00  00 
CM  CM  CM  CM 

01 

■^i  M  w  W 

00  00  00  00 

00 

rt'f'** 

|. 

00COO 

1 

c 

COCN-J© 

© 

Jsijsi 

! 
1 

o     o 
CM      CM 

l  © 
CM 

! 

©           O         I 
CM        CM       | 

CO 
CM 

©     o 

LO       © 

OS 

o     o     1 

I 

to 

CM        00       ] 

1 

O 

e 
E 

0! 

\ 

1; 

&. 

cr 

c 

ft 

1 

1 
& 

1     J 
s 

* 

- 
c 

« 

o 
1     ft 
!     t 

ft 

I 

"J 

C 

a 

| 

"r 
t 

a 

5 

c 

e 

s 

a 

L 

.: 

a 
a 

0 

a 

ft 

1 

©oo      ©ceo©© 

CO  CO  CD         CO  CO  CO  CO  CO  CO 


toos      oas  ©  ©  © 


CO  CO  CO        CO  CO  CO  CO  T  CO 


©     o 

IN         CM 


ON 
CM  CM 


©c— i      cinnOrfO 


©  ©  CM        rtN'PCC'-O't 
©to©       ©  ©  ©  ©  ©  cc 


^Otf     iJfcJpWOtf 


©     00 


— c  CM 


CS  — I  CM  -. 


DOtDXOOOOOOQOODX    ©  ©  ©  X  X  oc 
CM  CM  «  CO  CO  CO  CO  CO  CO  CM  CM  CM     C*>  CM  CM  CM  CM  CM 


©co©co©co©©©cororo     CD  CO  CO  CO  CO  © 
IO  »C  >C  u?  lO  »C  "C  LC;  i-C  i.*  i.o  »0     t.O  >0  LO  «-0  O  lO 


c "  to  cc  — " ' 


CM  CO  CO  CO  CO  CO  CM  CM  CM     CO  CO  CO  CO  CO  CO 


CM© 

O© 

©o 

©     rt 

oq  X 

CM-H 

CM-. 

-HCM 

~H      ^H 

O)  — 1 

CM  -J  rt  ©©©©©OCMCM©     ©©©©©©  » 

c 

^HHHHH-HrtHHH      _  ^  _  _  _  rt  © 


o>oo©co©coco©coocccc;    ©©©©c© 
ti'M'ioiflicioioiOffT    ic  l*  ic  it  ic  l: 


wcrt^otf Jotf^w«  ^-^s^wtf 


CM  -H 


©©■=§: 


P 

a 

H 


«       tf 


■;    rt  cm 

z  g     a 


«     - 


5* 
PS 

c - 


CJ  «  .  • 

sll 

°2f! 


a  o  > 

C  =  ^ 
a  .o  « 


83020°— 17- 


50 


USE    OF    PERMISSIBLE    EXPLOSIVES    IN    ILLINOIS. 


£3     .9 


o 


11 

■a 

1 
P 

55 

g 

S?    !~ 

u 

o 

-1 

00  r^. 

cu  'Cs 

2 

3 

« 

1 

PQ 

.§  s 

ft 

X. 

i  c 

a 

r^~S 

.«  -3 

Ph 

3>.§ 

s  8 


^ 


>-) 

n 

< 


•9AlS0ldX8 

r- 

to 

to 

?! 

o 

«5 

00 

8 

5s* 

CM 

o 

o 

BQ 

?; 

jo  xoq  pnnod-cz  J9d 

CO     I    i-l 

rt 

rt           «           rt           —          rt           -H           rt 

peonpotd  jww  jo  suox 

•pasn  eAts 

-O 

o 

■19 

to 

io     *o     »o     »o     »o     »o     »o 

-oidxe  jo  spuno'd  jtjjox 

«* 

o 
co 

•H* 

-r 

CO 

-r        -r        -r        -r        -r        :-        '-o 

i s 

t~ 

00 

OJ      iO      o      o      o      m      o 

•paanp 

G.      m 

rH 

T- 

Q 

a 

i-l        f-4        OS        C4        O        00        00 

-ojd  jbod  jo  suoj  ibjox 

|-    co 

cn 

CO 

■* 

Eh 

r»      t~      co      t^-      to      to      to 

CN 

Ol 

CO 

-Oid  JBOD  jo  sjbo  JtJ^OX 

- 

Oi 

o> 

-ojdxe  JO  S^OtJS  l^}OX 

■ 

oc 

< 

OS 

o 

-  -<~.-<       oooooO'T-^toto-v^c^C' 

•aairatna^sjo  q^dea 

~cococo 

IN 

M 

COCO  COCO  MONCNNNNniMIN 

fe, 

» 

go-*© 

* 

t-« 

-*»H«          OOOOtOiOtOtOtOtOOtCOti 

•esnj  jo  qjSuei 

U5 

•a 

tOtOtOtO-Hi         HP         T               HJ         -H* 

OS 

-**-«*         >o  -^  »o  ■'P  lO  ^  »o  -H*  lO  "*r  CO  -H*  CO  ^J« 

•pesn  OAjsojdxa 

CO  CO  CO 

cm 

coco 

jo  s^ops  jo   jaquin>j 

§°°  : 

o 

rt 

o 

oo       tooooc^ooooooot^tot- 

•qu 

•* 

"'  rt 

uiojj  ajoq  jo  eoaeisja 

£      : 

CM 

r< 

CMC*              »-l  •->  0»  tH  CM  C»  C*»  CH  -H  rt  ^H  -H  i-l  rH 

|'ooo 

o 

rt 

lOt 

hhhOOOO0«)»O«0« 

•jooj 

rt  rt  rH 

raojj  ejoq  jo  aonB}si(_[ 

£ 

-:- 

o 

•*• 

2 

Shoo 

to  0 

0          oCHOOCfnOOVOONOj 

•ajoq  jo  qidaa 

.  tOtO  to 

to 

10 

-r  » 

p        to  to  to  to  »o  »o  »o  *o  to  to  lO  tO  "O  lO 

£ 

4 

•ejoqjo  aoijisoj 

k4o'ph 

*~'£ 

i     ijtfr4«iJPHiJPHp4rti4«»4p 

g     <J> 

r~ 

r- 

1        ° 

O        O        to        -w        O       CN        CN 

•iqSraH 

-H 

rt 

rt 

<N 

(M        tN        tN        CN        CN        CN        CM 

.9 

3 

k. 

2     oo 

cm 

w 

to 

o       O       O      to      <-l       O      O 

a 

DQ 

•q^dea 

£ 

cm 

IN 

IM 

— 1         rH        CO        CM        O)        CN        CN 

2     »h 

cm 

oo 

o 

00      00      *H^       co      ^*t       o      o 

•3aij 

-jnojepnn    jo     q^deQ 

.     to 

to 

ia 

>o 

co       CO       tO       to       to       to       to 

g     to 

to 

r* 

0C 

00       O       -r       -r       -r       O       rH 

•jcoo  jo  iqSiaH 

t>. 

t* 

g     to 

o> 

_ 

o 

O       00       co       CO       O       ©       O 

•aji 

-us  jo  tnooa  jo  q;p!AV 

?J 

Tl 

- 

B 

c 

-d 

I 

A 

s 

B 

£ 

■a 

IW 

"°. 

o 

s 
c 

a 
o 

C 

c 

C 

V      r< 

.3 

1 

o 

S3 

A 
9 

a    c 

s    o 

1    5 

o     : 
>      : 

£     SP 
-     $ 

s 
§ 

b 

C 

1 

0) 

5 

1  = 

§>  a 

•a  tc 

*  s 

r*    §     ta 

?   a     °.    * 
1  1    ►    * 

§      S        O        CN 

'  I?  5  i 

?    tn    a 

pi 

CM 

i 

c 

a 

-- 

a 

r- 
0C 
fe 

c 

"    §         Eh      <!      <J 

b« 

E 

i 

k.             U             tH             tH             r«             M           M 

a 

ci     a     a     a     o     a 

W 

(t 

» 

r- 

fc 

W 

H 

r- 

SYSTEMS    OF    BLASTING. 


51 


iO        m 

CO         CO 


CNCN  CNCN 


CO  CO  O  CO 

m  »o  m  m 


OHrtO 
CNCN  CNCN 


~tf~tf 


o     o 

IN       CN 


-i       O 
CN        CO 


O       O 
«5       O 


GO         00 
CO        CO 


w 

'3 

00 

M 

V 

1 

m 

H 

b 

- 

= 

w 

CN 

i^ 

IN 

CO            CO               5©            CO               rp             -^ 

m 

o     o     o      o 

"1 

C»             t>-                tji             -^                CN             CN 

to 

00 

tO        to        to        Tl" 

CN 

m 
m 

co         to           co         to           t^         t^ 

0f< 

o         o           mo           mo 

o 

00 

o      o      o     m 

m 

■* 

CO             CO                CN             OJ                O             CN 

— 

CN 

OS         00         00         oo 

^< 

00 

CN 

1 

CO               CO                  CO               CO                  CM               CO 

1^ 

CO 

to      to      XI      to 

CN 

CO 

-»<        HO 

H« 

*la 

CO               CO                  CN               CN                  -»               TT 

a 

os      en      e»      oo 

m 

CO 

CO  O  CO  CO  CD  O     OOOCOO     CO  CO  O  O  CO  O 

" 

to  O  O  CO  O  O  to  CO 

CO 

CN  CN  CN  CN  CN  CN     COCOCOCOCOCO     CN  CN  CN  CN  CN  CN 

CN 

CNCNCNCNeNCNCNeN 

CN 

oootooo   ooo»-*oe    to  co  o  o  o  o 

m  1 

OOOOOtOOtO 

I-- 

©fiflioioic    to  m  m  m  »o  m    m  m  to  to  m  »o 

m 

to  m  m  to  to  m  to  m 

IO 

-«                 HN             HN         -CT-W.         -<M 

net 

f 

--i1  m  -^  -**<  m  -i1   -t<  ■t*  -f  -^  ^t*  ■*!■    'i*  m  ^t*  *r  m  ■'i* 

Trmm-rt*m^i,'r 

"^ 

to    • 

toto    • 

I-    o    • 

too    • 

■^    o    • 

oo    • 

o 

o  I 

totomtototototo 

CO 

rH  : 

rtrt   : 

7-1     CN      • 

CNCN      • 

CN     CO      ■ 

CNCN      • 

c-1 

CN 

■-1 

oooooo    CO  CO  CO  CO  CO -<S<    CO  CO  o  o  to  o 

CN    1 

OOOOOOOO 

O 

rtrtrt_rtr_  ^,____rt  rtrt__rtrt 

\ 

_________ 

-■ 

OOOCNOCN     OOONOrt     O  O -H  i-H  O  — < 

o  1 

0000-H-HCN.H 

,_, 

mmmmmm   lo-^mmmm   m  t  m  m  -r  m 

m 

mmm»o»ommm 

m 

rj 

g 

^drtnidrt  Jdecji-idpi  ddeMcJps' 

:     ►ipw'pjjpH'^pj 

s 

to           to             to           to             tO           to 

to 

•o      to      to      to 

CO 

to         io           to         to           O         o 

U 

to       1*       o       o 

CN 

CN               CM                  CN               CN                  CN               CN 

CN 

CN         CN         CN         CN 

CN 

to          to            to          to            to          to 

ItO 

to      to      to      to 

CO 

mm           mm           mm 

10 

m      m      iq      m 

m 

o          GO            to          00            to          to 

^ 

•O         -^         CN         CO 

-r 

t~         t>-           i^»         r>-           t~         t- 

t- 

r-      i-      *~      r~ 

r- 

o         m           ox            to         cn 

o 

CN         O         O         O 

o 

X 

CN         CN         CN         CN 

CN 

CN               CN                  CN               CN                  CN               CN 

CN 

"         ' 

*~* 

w 

6 

CP 

•     a 
:    § 

£ 

^ 

1 

a 

02       CO 

q 

CN       CN 

.   a 

-Si     «^ 

s    . 

£1 

a 

£> 

a 
to 

o 

til 

SO     w 
o     o 

i 

l-l 

o 

to 
d 

53 

« 
o 

CN 

d 
55 

w 

o 

£ 
c 
c 

ti 

> 

1     | 
>     8 

«     S 
i     £ 
5     ,o 

Sz 

3    | 

CO       CO 

d      d 

53     53 

a    ^ 

a     gj 

1   a 

*« 

a 

£     r. 

IT- 

£    a 

C 

J 

5     © 

nn 

o       > 

«!  a      a  «  a      a  £  a      a 

CO       CO       £       £ 

try  2 
Roo 

Roo 

try  2 
Roo 

Roo 

try  4 
Roo 

Roo 

& 

m     co     i-h     cn 
>,     ?►>     >>     >> 

£      £      -J3     -fe 

EH        <) 

a                  a                  a 

=      a     a     a 

W 

m 

w 

B 

V 

■- 

W 

52 


USE    OF    PERMISSIBLE    EXPLOSIVES    IN    ILLINOIS. 


So 


.2 


•Si 


I 


RS 


&£ 


MAlSO|dxa 

ju  xoq  punocf-gz  aad 
paonpojd  ]^oo  ;o  spox 


•pasn  so  a  is 
-ojdxa  jo  sptmod  jejox 


•paonp 
-oad  iboo  ;o  suoj  psjox 


•paonp 
-oad  jboo  jo  sraa  psjox 


•posn  bais 
-ojdxa  jo  s>ioijs  injox 


•Smtnuiajs  jo  i[jdoci 


•gsnjjo  qj.iuo'i 


•pasn  9Aisoidx8 
jo  spoils  jo  joquinj^ 


■qii 
raojj  ojoq  jo  aoirejsig 


•jooa 
mojj  ajoq  jo  9otre;siQ 


•ajoqjoqjdaQ 


oioq  jo  uoijisoj 


•jqaiOH 


•qidaa 


■jnoiapun    jo    q;d3Q 


IBoojo  jqSt3H 


05  O  O  OS 


^OCOCOO     COOOOOC^XCC     OOOOCO     OOOOOO     <N  d  CM 
.WN(NW«TO     fCCOOOCOcOC?01'N<N     7J««WNW     «  CO  v*C  N  N  N     OS  CO  CO 


=  CO  CO  OC  O  CD  O     cCtOtOO^OtO'O^     OOOOOOO     :D  CD  c©  CO  CO  <D     c  <~  cr 
tiO>OiOtClO"-0     »0iOtfSt©iOcD*O»OiO     to  iO  CO  CO  CO  CD     iO  »0  i/5  »C  ift  »0     <©  »f3  cD 


i-*N-fri  .-in 


t- -»_--,_-_-,       „-i    {-■H.^N-if-'ri-r-*  -?i  --I--I 


d  CO  CO  CO  CO  CO     COCOCOCNCOeOrO'ftN     CO  CO  CO  CO  CO  CN     CM  -T  CO  *H  CO  CO     NfOtO 


NO 

00    CO 

t»to 

O-H 

o  >o 

m 

PJ(N 

CO     rt 

(NO 

CNCN 

CN     CN 

NN 

ooioo 


CM     <M 


«OOOiQHfl 


©CNOCNOCSOOO     0C0CWWNO     ■HO-HOIOOOO     OOO 
t-l  --1  .-I  .-I  i-l  .-(  h  ^H  i-H     OOOOOO     ©— <00©0     -Ht-I-H 


^oooo«o 

1  O  *OcO  CO  CO  CO 


OOiCOWH^OO     i— I00HOOO     0  0500HH     OcOCO 
CO^OCOCOCOIOIOCOCO    to  *C  "3  CD  CO  CO    CC  »0  H3  »0  »0  »C    co  »o  *o 


hici«^'dps  hidPJiJc)PSi4dQ5  hidKJdK  i-idtfJurt  i-Jdrt 


"Aa* 
-ua  jo  tnooj  jo  qipiAV 


—  CN 


o      ™ 


W 

I 

fc 

>> 

o     • 

a 

c 

W  t- 

9 

Z   £ 

CO 

Ci     o 

5 

a 

*« 

§ 

§ 

(3 

« 

« 

W 

W  2 

CN 

^    iO 

*   fl 

fl 

»  n 

C 

rt     o 

b« 

03 

h>« 

a 

a 

W 

w 

tf    £?tf 


SYSTEMS   OF   BLASTING. 


53 


>o 

N 

CM               — ' 

-1 

CO               CM 

OS 

OS 

•+               "= 

X 

«3 

-* 

CO 

CM 

o 

CO 

to 

•^               CM 

CM 

CO 

^ 

3 

■^« 

" 

o©  ©oo© 

a 

coco  coco  coco 

CM 

tOCOOOO 

co 

iOCioiO'O'O 

>o 

^ 

NVMH^M 

CO 

OS 

■<r  co 

s 

CM 

-* 

-HCM 

CM 

CM 

I-  O  CM  o  o  o 

O 

rt-H  —^<00 

1-1 

O'ffONNW 

o 

iO  »o  ^  *o  *C  O 

•o 

i4c5«i4dpi 

■O             CO 

r~ 

rH             rH 

** 

to           CO 

oo 

CM              IN 

CM 

©         o 

O 

to           to 

CO 

■V              CM 

CO 

t~             1- 

r~ 

to             to 

t— 

CM               CM 

CM 

t^ 

0 

® 

s 

a 

» 

Pk 

m 

o 

r 

p 

w 

c 

o 
o 

o 

c 

fe 

>. 

t- 

D 

c3 

r 

1                  - 

>     1 

o          « 

- 

^ 

tf       s 

o 

o 

P* 

lO        CO        CO 

sax 


W5       1/5       lO 


ir5       O       U5       to 


r-<  CM  —I 


iO       i-O        "5        »0        uo 


O        O        O        CM         CM 


CMCMCMCMCMCMCMCMCMN 


to  CO  CO  CO        CO  to 

lOiOmOIAtOCStStOcO 


cocococococococococo 


CO  to  to  to  to  CO  CO  CO  to  CO 


cooooooooo 


©©0>OS©Os©©©© 


©   O   O   co   to 
CO    CO   CO   CO    CO 


©  ©  ©  co  to 
io  »o  *o  »o  *o 


©  ©  ©  ©  © 

CO   CD   CO   CO    - 


CO    CO    CO   ©    © 


©   ©   ©   CM   -h 
CM    CM    CM   CM    CM 


©  ©  ©  ©  CO  © 


tO  (    ©  iO  ©  ©  ©  ©  ©  ©  ©  o  >o  o 


CMCOCMCOCOCMCMCOCMCMCNCM 


©       00 


coo 

-HCM 


©cc 

CM  — 


O     co  ©  co  -3<  -c"  «r  co  co  co  cm  —  cm 


00  ©©©  ©  ©  ©CMCMCMCM  "CM 

io  lOio'Ccot-iioiC'-';  i-c  i.:  l: 


JopWoPni-^OrH'rH'opH 


— c        — i  iO 


-       * 


B    S 


«      «      «      ~      J 

CO        -3<         T         -H         CM 


rt       pi       pi       pi 


s 

M 

DO 

d 

=-4 

= 
— 

■3 
1 

CM 

CM 

— ' 

c- 

: 

C 

CO 

■- 

cc 

= 

a 

> 

D 

c 

— 

- 

o  a 

cr 

X  cc_ 

-=  = 

'CO  CO 
"°£  £  Mco 

•JoJ<3« 
?  ■ 3  p  d  o 


£h  ■«»  ©  q  © 
o3  CXS£  g  tC 

"o.a.a  M.S 

^-ST}  CDT3 

i.3.2  S  = 

"C  o  ©43  eg 


54 


USE   OF   PERMISSIBLE   EXPLOSIVES  IN    ILLINOIS. 


^ 


s 
'■S 


.3 

a. 


Q    C 


°    I 

■S~e 

org 
s  g 

8  ^ 


.i  s 


£ 


•a 


« 


«     w 


aAisoTdxa 

IN             —             C 

CO 

g 

§ 

jo  xoq  pnnod'-cz  aad 

ce 

CN 

CN 

paonpcud  icoo  jo  snox 

•pasn  sa.us 

l!" 

>r 

w 

U5 

LO 

-o[dxajo  spunod  iejox 

ce 

•- 

CO 

OS 

cc 

CO 

t>' 

00            o 

on 

CO 

g 

paonp 

.       ,o           -*r           -<r 

T 

•»r 

-ojd  JEO0  jo  suoi  icjox 

e 

E-, 

•poo  tip 

CN              CN               CN 

CO 
CO 

CN 

3 

<ud  jboo  JO  SJUO  H'JOX 

•pasn  oais 

a 

CO              CO 

OS 

CO 

CO 

-oidxa  jo  s^atjs  Jbiox 

■ 

rt 

CO 

2     cc 

CO 

c 

CO 

Saitnniajs  jo  qjdafl 

"nNconNnwcon 

CN 

CO 

ft 

.<-. 

i 

T 

asnj  jo  m.luoq 

,-o.i^ 

IQ  *-0  "T  »0 

•^ 

o 

&, 

CO 

•posn  aAtsoidxa 

—  ,:—--.---  —  .:  — 

■fli 

CO 

jo   s^otjs  jo   jjquinx 

95  CD 

CO  «5 

COO 

© 

■^ 

o 

qiJ 

uiojj  ajoq  jo  ojiuh^u 

£ 

CN 

>: '^  C 

O-H- 

—  CN  COCN 

-. 

I         CM 

JOOJ 

•S 

moaj  ojoq  jo  aouejsiQ 

ft-°^ 

-:  A  ~ 

-=  ^  -:  A 

i 

" 

goc 

OHC 

-ccNCNCN 

« 

1         « 

a[oqjoqjdaa 

io«o,-- 

Litotou; 

LO 

"3 

ft. 

•ajoq  jo  aojiisoj 

h5C 

pj-ic 

BS  -;'  d  tf 

: 

g     = 

ft 

c 

o 

o 

t~ 

f 

■jqSiaH 

cn 

CN 

CN 

CN 

& 

1  c 

c 

o 

O 

*- 

a 

DO 

qjdaa 

c* 

CO 

CO 

■* 

ft, 

i  * 

c 

CO 

■- 

•2mj 

-inojapnn    jo    qjdaQ 

IT 
ft 

■e 

>T5 

•o 

UO 

8 

CO 

00 

1^ 

* 

ITOOjoiqStOH 

""!       Of 

ft, 

ex 

00 

: 

X 

o 

CTi 

g 

-*T 

00 

■£q 

-ua  jo  raooa  jo  qjpi.vi 

ft 

CN 

CN 

CN 

00 
CN 

c 

M 

3 

"O 

CJ 

* 

t* 

<a 

O 

H 

were 

c- 

-t. 

00 

o 
o 

CO 

o 

o 

m 

.5 

o 

IS 

=0 

e 

o 

CO       ,0 

cs 
be 
C3 
E 

CD 
> 

■S 

| 

o    a 

*« 

1 

«     S 

E 

z 
c 

a 

o 
o 

X 

—    t- 

O         > 

E-     < 

£-a 

w 

SYSTEMS   OF   BLASTING. 


55 


Si       3 


OOOOOO        ©00000        WtOMOOO 


OOOOOO       OOOOOO       ^  O  O  '£  o  «o 
"O  CO  CO  cO  CO  CO        ^o  co  CO  CO  CO  CO        tO®OcOOtO 


cocococococo      cocncocoWco      -j*  co  T  <<*<  co  ' 


oo 


O       CO 


CO  CO  CO  CO  CO  CO    CO  CO  CO  CO  CD  CO    CO  CO  CO  to  CO  CO 


OOOOOO        OOOOOO        NONOOh 
CO  CO  CO  CO  <D  CO        to  CO  CO  CO  CO  CO        CO  CO  CO  CO  CO  CO 


JupjJop;    ^otf^wtf    ^ocn^UK 

CO  CD  CD  CO  O  CO 


OOOO  OO 


CO  O  CO  o  oo    I 
CO  CO  CO  -~  CO  CD 


CO  CO  CO  CO  CO  CO 


CO      -COCO      -CD 


CO  CO  CO  CM  CO  (N 


OOOOOO 
CO  CO  CO  CO  CD  CO 


PoChiu« 


<<    w 


«   a     s  w 


fl   < 


-*  o» 


J-Ss 

5E* 

K  o  o 
^  SPP 

t-   t-  o 
C3  «  Q, 

S>o 

O  *  fci 


•5W§ 

«  >-.S-a 
£5  £2 

"**  ~  tn 

c=  o.s 
2SoC 

sftcg 


56 


USE    OF    PERMISSIBLE    EXPLOSIVES    IN    ILLINOIS. 


q-paonpojd  [boo 
jo  no:)  jad  joienoiap 
pne  asnj  jo  ijsoa  e!?&iaAv 


•paonp 
-ojd  jbod  jo  noj  J9d 

8AlSO[dX9J0  JSOOaSBJOAV 


■aAiso[dx9  jo  xoq 
punod-eg  jed  paonpojd 
snoi  ;o  jaqmnn  aStuaAy 

•[[BJ  I9d  P9SII  9AIS 

-ojdxajo  inSyoM.  93BJ9Ay 


"joqs  J9d  paonpojd 
sno^  jo  jaqiunu  a3BJ9Ay 


•[IBj  J9d  paonp 
-ojd    98bhuoi    93BJ9Ay 


J9d  pgonpojd  jboo  jo 
sjbo  jo  jgquinn  93BJ9Ay 

J8d  9AISOjdx9  jo  SjpijJS 

jo  jaqninu  ye%o%  a3BJ8Ay 


•Stmn 
-nigjs  jo  mdgp  9§bj9av 


o'joqs  jgd 
9snj  jo  q^3u9i  92BJ9Ay 


-9[Oq  J9d  9AISO[dX9  jo 

spoils  jo  jaqumu  93bj9a  y 


•qij  raojj  S9[oq 

qu  JO  90UB}Sip  9SBJ9AV 


888888 


HH^fOHO 

oooooo 


O  iO  N  in  O  N 
CSlN'O  -/.  <-N  -r 


J  OS  iO  00  OS  00  OS 

'  ui  TT  <©  -**  o  -V 


ShOOOhh 
g  t^-  CC  ^r  (N  i-h  iC 


i  -H  O-  OC  CN  CO  to 


JMOCNCDOII- 


CO  CO  CO  ~h  -H<  CN 


co  os       -r  CO  00 

©  00  CO  OS  CO  OJ 


JOON-HOUJ 


;Wn»ooo  VH 
;  oo  to  *o  »o  *o  co 


lOOVHMB 
CO  CO  "V  CO  CO  CO 


:«O0«0'/. 


•jooj  raojj 

S9J0q  JO  90UB}Sip  92BJ9AV 


■sajoq  jo  qjdap  e3BJ8Ay 


i-HrtNON« 


=2  ©  -f  ©  ©i-H  © 
■■J  CO  tO  tO  to  tO  CO 


•Ajina  ao  mooj  jad 
s.joqs  jo  jaqumu  a3BJ9Ay 


"-jqSigq  93BJ9AV 


•qidgp  a2BJ9Ay 


•3nrwno 
-jgpnti  jo  qi'dap  a2BJ9Ay 


-T.boo  jo  iqSiaq  oSiuaAy 


•ijjna  jo 
mooj  jo  q^puv  a3t?j9Ay 


CO  CO  CO  CO  to  CO 


>ON(Dt»NUJ 


3  CO  CN  T  00  TT  CN 
I  CM  CN  CN  CN  ■*  CN 


>CN  OOCOOcO  CO 
:  CO  to  to  CO  tO  CO 


cc  i-4  t>.  t>.  CO  tp  O 
S  <-H  f-t 

»J  t>- i-  r- t»  o>  co 


JOHONWH 

'.  t~  -h*  oo  co  oo  r~ 


•p9AJ9SqO  S9U!J 

■ua  jo  suiooj  jo  jaqratiN 


r«o  cocn  r— co 


o  a 
1 

O  co 

Eh 


<1ffloQWtH 


$0. 0033 
.0037 
.0041 
.0076 

5* 

8 

$0,025 
.020 
.024 
.027 

CN 

O 

ocioa 

■^ 

O 

*0*0 
lOi-HlOlC 

■*P  -^  ^ji  lO 

00 

5 

i-H  O 

OS  OS  OS  lO 

o 

CO 
CO 

O 

00 

17  19 
19  08 

18  14 

19  18 

O) 
to 

s 

o> 

COO 

»ocd  co  io 

CO 

to 

-hoi 

OOOOOC-H 

0 

OJ 

00  CO  coo 
CNCNCNCN 

CM 

oo  to  *o  *o 

»o 

•f 

CO 

to  o  co  co 

rn 

O^OO 

0 

cOf-H  00 
to  »o  to  to 

to 
to 

CNCNCN  -r 

CN 

OM-  COCN 
CNCN-HCO 

CO 
CN 

COCNCN  00 
CNCNCN  to 

CO 

OS  CO  co  © 
to  to  "5  CO 

00 

10 

-HMH.H. 

cot^t^t-- 

CN 

tOTO-H 
—i  CN  CNCN 

O 
CN 

CN  OS  T  to 

o 

CN 

•< 

pt 

?. 

K 

Ih   CD 

•2.S 
S 

Eh*" 

a 

OJ 

1 

> 
< 

3 

SYSTEMS    OF    BLASTING.  57 

PREPARATION  OF  THE  PRIMING  CARTRIDGE. 

When  detonators  or  blasting  caps  and  fuse  are  used  in  preparing 
the  priming  cartridge,  the  following  points  are  to  be  considered: 

The  detonator  contains  a  highly  sensitive  substance,  known  as 
fulminate  of  mercury,  and  it  should  be  handled  with  care. 

The  successful  firing  of  the  shot  largely  depends  on  careful  and 
proper  arrangement  of  the  fuse  and  detonator. 

The  ingredients  in  fuse  readily  absorb  moisture,  also  a  part  of  the 
powder  train  may  be  lost  from  the  open  end,  and  therefore  an  inch 
or  two  of  fuse  should  always  be  cut  off  the  end  of  the  roll  before  it 
is  used. 

The  fuse  should  be  cut  off  squarely  with  a  sharp  knife,  the  end 
being  held  in  an  upright  position  to  prevent  loss  of  powder.  The 
end  of  the  fuse  should  then  be  pushed  gently  up  into  the  detonator 
until  it  touches  the  fulminate.  It  should  not  be  twisted  in  the 
detonator,  as  the  friction  might  be  sufficient  to  explode  the  detonator. 

The  fulminate  readily  absorbs  moisture;  therefore  the  detonator 
should  be  kept  in  a  moisture-proof  container  until  it  is  to  be  used. 
The  detonator  should  not  be  blown  into  with  the  breath,  as  moisture 
may  thus  be  introduced. 

The  detonator  should  be  crimped  on  the  fuse  with  a  proper  crimper, 
providing  a  practically  water-tight  connection.  Plate  VI  shows  an 
improved  type  of  crimper  and  the  method  of  properly  crimping  the 
detonator  to  the  fuse.  The  very  common  practice  of  crimping  the 
detonator  to  the  fuse  with  a  knife  is  inefficient;  crimping  with  the 
teeth  is  a  dangerous  practice.  A  satisfactory  crimper  may  be  bought 
for  about  25  cents  each,  and  as  it  is  needed  each  day  should  be 
regarded  as  an  indispensable  part  of  the  miner's  equipment.  It  is 
to  be  regretted  that  so  few  are  in  use. 

In  Illinois  mines  the  usual  custom  of  preparing  the  primer  is  to 
punch  two  holes  diagonally,  one  entirely  through  the  cartridge  of 
explosive  and  the  other  part  way,  usually  with  a  wooden  skewer. 
The  fuse  is  then  laced  through  the  open  diagonal  hole  in  the  cartridge  a 
and  the  detonator  end  pushed  into  the  other  hole  diagonally  into 
the  cartridge  so  that  the  detonator  lies  near  the  center  of  the 
cartridge,  as  shown  in  A,  figure  13.  The  electric  detonator  is  usually 
inserted  in  a  hole  punched  diagonally  into  the  side  or  end  of  the 
cartridge,  and  the  wires  are  given  a  half  hitch  around  the  stick,  as 
shown  in  B  and  C,  figure  13. 

By  these  methods  the  priming  cartridges  are  easily  and  quickly 
prepared,  and  there  is  apparently  some  advantage  in  having  the 
stemming  b  forced  against  the  end  of  the  explosive  with  less  possi- 

a  The  Bureau  of  Mines  does  not  recommend  the  lacing  of  fuse  through  the  cartridge  of  explosive. 

b  In  the  publications  of  the  Bureau  of  Mines,  the  word  "stemming" is  used  to  designate  the  material 
used  to  confine  an  explosive  in  a  drill  hole,  and  the  word  "tamping ' '  is  used  to  designate  the  act  of  ramming 
the  stemming  into  the  hole. 
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bility  of  doubling  back  the  fuse  or  wires  and  in  preventing  the  detona- 
tor from  being  pulled  from  the  cartridge  during  the  tamping,  as  they 
serve  to  do.  There  are,  however,  several  serious  disadvantages  in 
the  use  of  these  methods,  and  they  are  not  regarded  as  the  best 
practice  for  the  following  reasons:  Care  must  be  taken  to  see  that 
the  detonator  lies  near  the  center  of  the  charge  or  the  charge  may 
not  be  detonated  with  full  strength.  If  the  explosive  fills  the  drill 
hole  tightly  there  is  danger,  when  the  cartridge  is  pushed  into  the 
hole,  of  breaking  the  insulation  of  the  wires,  or  if  fuse  is  used,  the 


^&zzzzzzzz^ 


Stemming 


Figure  13. — Methods  of  arranging  primers  commonly  used  in  the  Illinois  mines,  not  recommended.  A, 
fuse  laced  through  cartridge;  B,  electric  detonator  inserted  in  the  si'le  of  cartridge  and  wires  secured  with 
half  hitch;  C,  electric  detonator  inserted  diagonally  in  end  of  cartridge  and  wires  secured  with  half  hitch. 

fuse  projecting  through  the  cartridge  may  be  damaged  when  being 
inserted.  With  the  fuse  laced  through  the  cartridge  there  is  always 
the  possibility  that  the  explosive  may  be  ignited  by  "side  spitting" 
of  the  fuse,  start  to  burn,  and  thus  prevent  complete  detonation. 
If  tamping  be  done  too  vigorously,  with  the  electric  detonator 
arranged  as  shown,  the  cartridge  containing  the  electric  detonator  may 
be  so  expanded  that  the  half  hitch  in  the  wire  may  form  a  tight 
knot  and  possibly  give  a  short  circuit  or  cause  the  wires  to  break. 

Practices  that  are  sometimes  followed  in  Illinois  and  are  recom- 
mended as  being  more  efficient  than  the  others  are  shown  in  figure  14,  in 
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which  the  detonator  with  fuse  is  inserted  in  the  end  or  side,  and  the 
electric  detonator  in  the  end  of  the  cartridge,  and  tied  in  position  as 
shown.  The  first  two  or  three  inches  of  the  tamping  material  should 
be  inserted  loosely  against  the  charge  so  that  the  more  forceful 
tamping  will  not  disturb  the  position  of  the  detonator  nor  subject  it 
to  shock.  These  methods  require  that  the  miner  provide  himself 
with  string  to  tie  the  detonator  in  place,  but  this  important  part  of 
each  day's  work  should  be  carefully  attended  to  and  sufficient  time 
taken  to  perform  the  work  with  proper  care.  A  simple  and  excel- 
lent method  of  using  an  electric  detonator  is  shown  in  figure  15. 


777^3 


Tied  with  cord 


Figure  14. — Methods  of  arranging  primers.  A,  electric  detonator,  wires  tied  with  cord;  B,  fuse  and 
detonator,  detonator  inserted  in  the  side  of  cartridge  aoid  fuse  tied  to  cartridge  with  cords;  C,  detonator 
inserted  in  end  of  cartridge  and  tied  in  with  cord. 

LOADING  AND  TAMPING  THE  HOLE. 

Permissible  explosives  in  cartridges  If  by  6  inches  or  If  by  7 
inches  in  size  and  weighing  approximately  one-half  pound  have 
been  found  to  be  the  most  satisfactory  in  Illinois  and  are  used 
exclusively.  The  use  of  this  diameter  of  cartridge,  which  is  larger 
than  ordinarily  used  in  coal  mining  elsewhere,  places  a  sufficient 
quantity  of  explosive  at  the  back  of  the  drill  hole  to  do  the  re- 
quired work,  without  the  cartridges  being  broken.  The  miner  usually 
carefully  scrapes  all  drill  dust  from  the  hole  before  he  inserts 
the  cartridges,  so  that  no  material  can  lodge  between  them  and 
prevent  close  contact.     The  cartridges  are  placed  in  the  drill  hole  in 
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their  original  wrappers,  usually  without  the  paper  ends  being  torn 
off,  and  are  pushed  back  with  the  tamping  bar.  Some  miners 
place  the  primer,  containing  the  cap,  in  last,  others  place  it  in  the 
middle  when  using  three  sticks.  It  is  usually  the  last  or  next  to 
the  last  cartridge  put  in. 

.  Clay  stemming  is  generally  used  and  tamping  is  accomplished  by 
means  of  a  heavy  iron  bar,  copper  tipped."  The  stemming  is  usually 
made  up  in  paper  cartridges,  called  "dummies,"  about  2  inches  in 
diameter  and  12  to  15  inches  long.  Generally  speaking,  3  feet  of 
stemming  is  sufficient  for  satisfactory  results  with  the  usual  charge 


Figure  15. — Another  method  of  inserting  electric  detonator  in  primer. 

in  a  6-foot  hole,  but  sometimes  the  drill  hole  is  directly  above  and 
parallel  to  a  hard  "sulphur"  or  "rock"  band,  and  it  takes  more 
stemming  to  prevent  the  charge  from  blowing  out.  The  amount  of 
stemming  should  be  sufficient  not  only  for  ordinary  conditions  but 
for  extraordinary  conditions,  and  therefore  the  stemming  should 
always  extend  to  the  mouth  of  the  drill  hole.  The  State  law  in 
regard  to  tamping  reads  as  follows:  b 

Tamping. — Every  blasting  hole  shall  be  tamped  full  from  the  explosive  to  the 
mouth  of  the  hole,  and  no  coal  dust  or  any  material  that  is  inflammable  or  that  may 
create  a  spark,  whether  the  same  shall  be  wet  or  dry,  shall  be  used  for  tamping. 

a  The  Bureau  of  Mines  recommends  the  use  of  a  wooden  tamping  bar. 
b  Coal-mining  laws  of  Illinois,  sec.  19  (i). 
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Although  the  law  thus  decrees  that  only  noninflammable  material 
shall  be  used  as  stemming,  experience  has  shown  that  where  such  ma- 
terial can  not  be  had  conveniently  some  of  the  men  will  use  "bug 
dust,"  or  drill  dust,  unless  close  discipline  is  maintained,  and  some 
shot  firers  have  no  objections  to  its  use.  In  every  mine  in  the  district 
clay  is  obtainable  from  the  floor.  Sometimes  it  is  obtained  with 
difficulty,  but  the  practical  miners  know  that  by  pouring  some  water 
or  coffee  from  their  dinner  pails  on  a  convenient  spot  the  clay  over- 
night becomes  moist  and  breaks  up  easily;  and  thereafter  it  is  a 
simple  matter  to  obtain  all  necessary  clay  for  tamping  by  occasional 
dampening.  Where  clay  is  not  obtainable  from  the  floor,  no  doubt 
the  operator  would  be  willing  to  send  to  convenient  points  in  the  mine 
suitable  surface  clay  or  dirt.  Clay,  in  addition  to  being  the  more 
efficient  material  for  holding  the  charge,  tends  to  damp  the  flame  in 
the  event  of  a  blown-out  shot.  The  dangers  of  coal-dust  stemming 
have  been  shown  in  tests  with  black  blasting  powder  at  the  Pittsburgh 
experiment  station  of  the  Bureau  of  Mines;  the  use  of  coal-dust 
stemming  lengthened  the  flame  of  a  blown-out  shot  50  to  60  feet.a 

There  is  no  defense  for  the  use  of  coal  dust  for  stemming.  Several 
times  when  its  use  was  called  to  the  attention  of  the  miners  a  majority 
of  them  strongly  denounced  the  practice.  A  number  of  the  State 
inspectors'  reports  recommend  that  the  use  of  drillings  be  discontinued 
and  that  clay  be  used. 

Care  should  be  taken  in  tamping.  The  heavy  iron  bar  commonly 
used  should  be  abandoned,  as  it  is  dangerous,  and  a  wooden  tamping 
bar  substituted.  It  is  possible  to  strike  a  spark  from  a  lump  of 
pyrite,  or  "sulphur,"  with  a  metal  rod,  even  of  copper.  The  wooden 
tamping  bar  is  much  safer,  is  less  liable  to  injure  the  fuse  or  detonator 
wires,  and  is  sufficiently  heavy  to  insure  efficient  tamping. 

If  wet  holes  are  encountered,  they  are  usually  left  uncharged  and 
the  shot  firer  does  the  charging  and  tamping ;  otherwise  all  shots  are 
tamped  by  the  miner.  In  the  event  that  he  quits  work  before  the 
shot  firer  makes  his  rounds,  the  miner  takes  a  piece  of  cartridge  paper 
and  marks  on  it  the  figure  indicating  the  number  of  shots  prepared 
in  his  room  and  posts  it  near  the  room  mouth  for  the  information 
of  the  shot  firer.  In  some  mines  two  brands  of  permissible  explosives 
are  used,  and  in  a  few  instances  both  brands  have  been  used  in  a 
single  drill  hole.  This  practice  is  not  prevalent  and  has  been  done 
without  understanding  the  danger  of  the  practice,  when  a  miner  had 
but  one  or  two  sticks  of  a  certain  brand  left  and  borrowed  some  of 
another  brand  from  a  fellow  miner,  or  changed  to  a  new  brand.  A 
fire  may  result  from  the  use  of  two  different  brands  in  the  same  shot. 

a  Rice,  G.  S.,  The  explosibility  of  coal  dust:  Bull.  20,  Bureau  of  Mines,  1911,  pp.  53-54. 
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METHODS  OF  FIRING  SHOTS. 

Helative  to  shot  firing  in  Illinois  mines,  the  State  law  in  part  reads:0 

In  all  mines  in  this  State  where  coal  is  blasted,  and  where  more  than  2  pounds  of 
powder  is  used  for  any  one  blast;  and  also,  in  all  mines  in  this  State  where  gas  is 
generated  in  dangerous  quantities,  a  sufficient  number  of  practical,  experienced 
miners,  to  be  designated  as  shot  firers,  shall  be  employed  by  the  company,  and  at  its 
expense,  whose  duty  it  shall  be  to  inspect  and  do  all  the  firing  of  all  blasts,  prepared  in 
a  practical,  workmanlike  manner,  in  said  mine  or  mines. 

Shot  firers  are  employed  in  all  the  mines  using  permissible  explo- 
sives, from  two  to  six  shot  firers  being  employed  at  each  mine.  They 
enter  the  mine  at  1.30  to  2  p.  m.  and  examine  the  shots  to  be  fired, 
noting  the  place  in  the  mine  and  the  number  of  the  shots.  After 
inspection,  the  shot  firers  return  to  the  shaft  bottom.  Later,  after 
the  miners  have  all  left  the  mine,  they  fire  the  shots,  completing  their 
work  in  two  and  one-half  to  six  hours.  '  In  the  inspection  of  shots  they 
work  singly;  when  firing  they  work  in  pairs,  this  being  in  accordance 
with  the  working  agreement  between  the  operators  and  miners.6 
Firing  the  three  shots  in  a  room  at  the  same  time  is  commonly  prac- 
ticed, the  center,  or  "  buster,"  shot  having  a  shorter  fuse  than  the  two 
rib  shots.  When  firing  with  fuse  and  detonator,  the  fuses  are  all 
lighted  at  the  same  time;  with  battery  and  electric  detonator,  the 
shots  are  fired  one  at  a  time. 

As  shown  in  Table  1 ,  in  all  but  two  mines  the  shots  are  fired  by  fuse 
and  No.  6  detonators.  In  two  mines  electric  detonators  and  battery 
are  used.  In  firing  by  electricity  the  shot  firers  carry  about  110  feet 
of  duplex  No.  14  cable  and  a  firing  battery  that  can  fire  one  to  four 
holes.  This  system  offers  many  advantages  as  regards  safety  and 
efficiency.     Some  of  these  advantages  are  as  follows: 

When  firing  is  done  by  detonator  and  fuse,  the  interval  of  time 
between  the  exploding  of  the  "buster"  shot  and  the  second  shot  is 
often  not  more  than  a  second  or  two.  The  first  shot  will  always  stir 
up  a  certain  amount  of  fine  dust  and  in  a  gaseous  mine  may  liberate 
some  gas,  and  if  the  second  shot  contains  an  excessive  charge  of 
explosive  and  is  poorly  and  insufficiently  tamped,  as  sometimes  hap- 
pens in  mines  even  under  the  closest  inspection,  a  "windy"  shot 
may  result.  With  electric  firing  such  a  condition  could  not  arise. 
There  can  be  no  "hang  fires"  and  there  are  possibly  fewer  misfires, 
as  the  electric  detonator  gives  better  protection  against  wet  holes,  not 
being  easily  affected  by  moisture.  In  storage  and  use,  the  electric 
detonators  are  much  more  satisfactory  from  practically  every  point 
of  view  than  fuse  and  detonators.  The  electric  detonators  are  pre- 
pared ready  for  use,  and  can  be  tested  before  being  used  by  means  of 

a  See  pp.  97  to  99  for  State  law  and  working  agreement  between  operators  and  miners  relative  to  firing 
of  shots. 
*>  See  pp.  97-98. 
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a  galvanometer;  the  objections  to  crimping  are  overcome;  they  are 
not  so  liable  to  be  spilled  or  lost  as  the  ordinary  detonator;  a  better 
check  can  be  made  on  the  grade  of  detonators  used  and  the  use  of 
detonators  of  proper  strength  more  easily  enforced;  their  use  elimi- 
nates flame,  as  in  lighting  fuse  or  as  in  the  " side  spitting"  of  fuse,  and 
provides  for  firing  shots  in  a  desired  order.  If  the  "buster"  shot 
fails,  the  rib  shots  need  not  be  fired.  The  method  is  safer  and  more 
satisfactory  and  conforms  more  fully  with  the  requirements  for  the 
use  of  permissible  explosives. 

The  cost  of  electric  detonators  with  8-foot  iron-wire  leads,  at  normal 
prices,  is  3  cents  to  the  miner.  The  cost  of  fuse  is  about  one-half 
cent  per  foot;  detonators  cost  1  cent  each.  The  average  shot 
requires  about  5  feet  of  fuse;  hence  the  cost  to  the  miner,  with  the 
electric  detonators,  is  perhaps  slightly  less  than  when  fuse  is  used. 

Shot  firers'  wages  cost  the  operator  about  $0.0075  per  ton  of  coal 
mined  in  four  typical  mines  in  Franklin  County.  For  one  Mont- 
gomery County  mine  the  cost  is  about  $0,008  and  for  one  Saline 
County  mine  $0.0075.  The  cost  per  ton  for  shot  firing  in  mines  using 
battery  and  electric  detonators  is  approximately  the  same  as  in  mines 
employing  shot  firers,  averaging  between  $0,007  and  $0.0075  per  ton 
of  coal.  The  shot  firers  are  paid  for  eight  hours'  work  at  a  uniform 
rate  of  58|  cents  per  hour. 

NUMBER    OF    SHOTS    FIRED. 

The  total  number  of  shots  fired  per  shift  in  the  19  mines  listed  in 
Table  1  is  about  4,400;  the  daily  average  per  mine  is  231.  The 
approximate  number  of  shots  fired  nightly  by  each  shot  firer  for  "fuse 
and  detonator"  mines  is  60;  for  "battery  and  electric  detonator" 
mines,  56.  As  required  by  the  State  law,  a  notice  is  posted  at  each 
mine  at  the  end  of  each  shift  showing  the  number  of  shots  fired,  the 
number  not  fired  and  reasons  therefor,  and  the  number  of  misfires. 
The  form  following  is  used: 
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SHOT   FIRERS  NOTICE. 

(To  be  posted  in  a  conspicuous  place  at  the  mine  immediately  after  the  completion  of  the  work  of  firing 
shots— Section  2,  Shot  Firers  Law.) 

Name  of  owner  or  operator  of  mine:  Coal  Mining  Co.  No 

We,  the  undersigned  shot  firers,  have  this day  of L91.. 

fired shots  in  this  mine.'   We  have  also  refused  to  fire shots. 

The  shots  we  have  refused  to  fire,  and  our  reasons  for  not  firing  same,  are  as  follows: 


Location. 

Reasons  for  Not  Firing  Shots. 

SHOTS  FAILING  TO  EXPLODE. 


Location. 


Location. 


Shot  Firer 

Shot  Firer . 

Shot  Firer. 

Shot.  Firer 

Shot  Firer. 

Shot  Firer. 

Shot  Firer 

Shot  Firer. 

Shot  Firer. 

From  the  records  examined  at  the  various  mines  it  was  evident  that 
some  shot  firers  required  more  strict  adherence  b}-  the  miners  to  rules 
than  others.  The  reasons  for  refusals  to  fire  shots  at  one  mine  during 
a  period  of  two  months  were  noted  as  follows:  Six,  not  properly 
snubbed;  four,  "bug  dust"  not  loaded  out;  four,  crosscut  in  entry 
not  through  ;a  two,  car  in  the  way. 


MISFIRES. 

The  proportion  of  misfires  in  the  mines  is  considerably  less  than 
1  per  cent.  The  records  at  one  mine  show  only  four  misfires  in  a 
period  of  three  months  and  the  firing  of  upwards  of  10,000  shots. 
At  another  mine  three  misfires  occurred  in  3,500  shots;  at  another, 
four  in  four  months,  or  25,000  shots.  The  usual  impression  is  that 
rarely  more  than  two  misfires  occur  in  one  night  at  any  one  mine. 
Some  data  on  misfires  at  two  mines  are  given  in  the  following  tables: 

a  The  mining  law  states  that  not  more  than  three  shots  shall  be  exploded  at  one  shooting  time  ahead  of 
the  last  open  crosscut.     See  Appendix,  p.  99. 
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Record  from  one  mine  for  period  of  two  months,  detonators  and  fuse  used: 


Date. 

Number 

of  shots 

fired. 

Misfires. 

Remarks. 

1915. 

4,821 
3,990 

5 

8 

104,296  tons  of  coal  was  produced  during  this  period,  or  8,000 

Total 

8,811 

13 

Percentage  of  misfires,  0.15  per  cent. 

Data  on  shots  fired  during  20  months  at  one  mine,  using  electric  detonators  and  battery 

system. 


Date. 


1914 

July 

August 

September 

October 

November 

December 

1915. 

January 

February 

March 

April 

May 


Number 

Number 

of  shots 

of  mis- 

fired. 

fires. 

5,498 

21 

7,525 

5 

7,073 

10 

6,936 

10 

6,443 

5 

6,716 

14 

7,024 

12 

3,380 

7 

4,187 

6 

3,832 

5 

1,878 

1 

Date. 


Tune 

July 

August 

September. 
October . . . 
November. 
December . 


1915. 


January . . 
February. 


1916. 


Number 

of  shots 

fired. 


3,059 
4,227 
4,146 
6,046 
7,558 
5,327 
7,497 


6,755 
7,459 


Total 112,566 


Number 
of  mis- 
fires. 


221 


Remarks. — Percentage  of  misfires,  0.2  per  cent.  As  shots  are  fired  one  at  a  time  by  battery,  this  system 
affords  an  actual  check  on  the  number  of  misfires,  and  this  record  is  much  more  accurate  than  records 
with  fuse  and  detonator  system.  In  one  instance  three  shots  misfired  in  one  room  the  same  night;  in 
another,  two.  The  following  reasons  for  refusals  to  fire  shots  are  given  in  the  shot  firers'  records  for  this 
20-month  period:  Top  "working,"  44;  "bug  dust"  not  loaded,  28;  too  far  ahead  of  air,  16;  car  in  way  at 
face,  14;  not  snubbed,  8;  place  falling  in,  6;  too  many  shots  ahead  of  air,  4;  "buster"  shot  failed,  4;  hole 
"on  the  solid,"  3;  retamped  holes  previously  fired,  3;  machine  in  way,  3;  explosive  in  "buster"  hole  took 
fire  and  burned,  remaining  holes  not  fired,  1;  detonator  wire  broke,  1;  no  primer  made,  1. 


PREVENTION    OP  MISFIRES. 

The  prevention  of  misfires  is  a  matter  of  interest  to  the  miner, 
both  from  safety  and  economy,  and  the  subject  should  receive  his 
careful  consideration.  The  explosive  with  which  he  is  supplied 
should  be  in  good  condition  and  he  should  take  pains  to  keep  it  so. 
It  is  readily  understood  that  with  all  the  material  in  good  condition 
and  the  shot  properly  arranged,  misfires  will  seldom  happen.  As 
previously  discussed,  proper  storage  of  fuse,  detonators,  and  explo- 
sive, careful  preparation  of  the  primer,  with  use  of  crimper  if  fuse 
and  detonator  are  used,  and  proper  charging  of  the  drill  hole,  are 
essential. 

A  few  examples  of  causes  of  misfires  investigated  during  the  past 

year  are  as  follows:  A  miner  had  been  carrying  detonators  loose  in 

his  pockets.     Possibly  some  tobacco  or  dust  lodged  on  the  fulminate 

of  the  detonator  and  prevented  the  ''spit"  of  the  fuse  from  reaching 
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and  exploding  it.  Such  practice  is  inefficient  and  dangerous.  In 
another  instance  a  shot  that  misfired  had  been  charged  two  hours 
previously.  The  detonator  had  been  crimped  with  a  knife  and 
moisture  had  seeped  in.  In  another  the  fuse  was  broken  during 
tamping. 

Careless  storing  of  fuse  before  it  is  used  accounts  for  many  mis- 
fires and  hangfires,  but  a  greater  number  result  from  carelessness  in 
handling  the  fuse  when  it  is  inserted  in  the  drill  hole.  The  large 
copper-tipped  iron  tamping  bars  ordinarily  used  in  Illinois  mines 
are  heavy,  and  the  fuse  is  often  crushed  between  the  edge  of  the 
heavy  bar  and  the  sides  of  the  drill  hole,  Rough  handling  may  break 
the  powder  train  or  so  damage  the  fuse  that  water  can  readily  enter 
it  if  the  hole  or  the  stemming  is  damp,  or  the  end  of  the  fuse  may 
lose  part  of  the  powder  train  and  give  a  chance  for  misfires.  The 
double-tape  fuse  is  much  better  than  cheaper  grades  because  it  will 
withstand  more  severe  handling  and  is  not  so  easily  crushed. 

Sometimes  the  end  of  the  fuse,  if  damp  from  being  exposed  to  the 
mine  air  or  from  lying  on  the  damp  bottom  for  a  considerable  time, 
can  be  inserted  in  the  detonator  only  with  difficulty,  and  the  miner 
is  unable  to  get  it  closer  to  the  fulminate  than  about  one-half  inch. 
In  that  event  the  copper  walls  of  the  capsule  containing  the  fulminate 
might  absorb  enough  heat  from  the  flame  so  that  it  would  not  ignite 
the  fulminate.  Fuse  in  good  condition  will  have  a  "spit"  at  least 
114  inches  in  length,  but  under  the  conditions  mentioned — that  is, 
damp  fuse  and  the  end  of  the  fuse  one-half  inch  from  the  fulminate 
composition — the  "spit"  may  be  reduced  to  a  quarter  of  an  inch  or 
less.  Even  if  the  end  which  has  been  exposed  to  moisture  is  left 
for  the  shot  firer,  it  may  "spit"  when  lighted,  burn  for  an  inch  or  so, 
and  go  out,  thus  giving  a  missed  shot. 

In  two  different  instances  of  shot  failures  in  the  same  room,  the 
stemming  was  blown  out  but  the  charge  did  not  explode,  indicating 
that  old  explosive  or  weak  detonators  had  been  used,  as  a  box  of 
detonators  without  a  cover  was  found  in  this  room. 

An  instance  was  noted  in  which  fuse  had  been  stored  for  a  long 
period  in  a  warm,  poorly  ventilated  magazine,  and  the  heat  had 
caused  the  tar  composition  used  in  the  manufacture  of  the  fuse  to 
run,  giving  a  black  color  to  the  fuse.  Much  handling  of  fuse  of  this 
character  might  cause  the  tar  composition  to  get  in  the  powder  train 
and  cause  a  misfire. 

COSTS  OF  PERMISSIBLE  EXPLOSIVES  PER  TON  OF  COAL,  AND 
SIZES  OF  COAL  PRODUCED. 

Table  1  shows  that  the  highest  average  production  of  coal  per 
25-pound  box  of  explosive  for  a  period  of  one  year  in  any  of  the 
mines  listed,  including  all  room  and  entry  work,  is  215  tons;  the  lowest 
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is  107  tons.  As  the  mines  listed  include  mines  in  various  stages  of  de- 
velopment and  others  fully  developed,  a  fair  average  can  be  obtained. 
The  average  production  for  18  mines  is  147  tons  per  25-pound  box  of 
explosive.  The  average  cost  of  explosive  per  ton  of  coal  produced, 
with  explosive  selling  at  $2.45  per  box,  is  therefore  $2.45-5-147=  1.7 
cents,  the  cost  varying  from  the  lowest  figure,  $2.45-7-215  =  1.14 
cents,  to  the  highest,  $2.45  -f- 107  =  2.3  cents.  To  these  figures  must  be 
added  the  cost  of  fuse  and  detonators  per  ton  of  coal,  which  averages 
0.25  cent  for  fuse  and  0.1  cent  for  detonators.  These  averages  for 
fuse  and  detonators  are  obtained  from  data  on  five  typical  mines,  as 
follows : 

Data  on  number  of  detonators  used  and  production  at  five  mines  for  period  of  one  year. 


Mine. 


No.  1. 
No.  2. 
No.  3. 
No.  4. 
No.  5. 


Total. 


!  Number    Number 
Year  ending—  of  detona-    of  tons 
i  tors  used,  produced. 


Mar.  31,1915  36,300 

do 65,600 

Dec.   31,1914  46,700 

do 21,300 

Mar.  31,1915  50,300 


420,612 
637,359 
563, 127 
291,351 
528, 930 


220,200  2,441,379 


Production  per  detonator  used tons. .  11 

Production  per  foot  of  fuse  used do 2 

Average  length  of  fuse  per  detonator  used feet . .  5i 

Average  cost  of  detonators  per  ton  of  coal  (detonators  at  1  cent 

each) $0.  0010 

Average  cost  of  fuse  per  ton  of  coal 0025 


.0035 

Adding  to  this  the  average  cost  of  explosive  per  ton  of  coal  pro- 
duced, 0.017  cent,  gives  an  average  total  cost  of  $0.0205. 

In  one  mine  using  electric  shot  firing,  during  a  period  of  14  months 
ended  June  30,  1915,  50,100  electric  detonators  were  used.  The  pro- 
duction was  858,365  tons;  the  production  per  electric  detonator  used 
was  17  tons;  and  the  average  cost  of  electric  detonators  per  ton  of 
coal  produced,  $0.0018.  On  the  basis  of  these  figures,  the  cost  for 
electric  detonators  is  $0.0018,  as  compared  with  fuse  and  detonator 
at  $0.0035.  The  use  of  electric  detonators  is  therefore  cheaper  for 
the  miner.® 

The  foregoing  figures  include  general  mine  averages.  Data  on 
results  of  shots,  taken  at  random  from  typical  mines,  in  rooms  and 
entries  are  given  in  Table  3.  This  table  shows  that  the  average  cost 
of  fuse  and  detonators  per  ton  of  coal  in  rooms  with  normal  prices 
prevailing,  was  $0,002;  with  electric  detonators  the  cost  was  $0.0017. 

a  The  cost  of  detonators  and  electric  detonators  increased  about  50  per  cent  in  1916  through  the  increased 
demand  for  explosives. 
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In  entry  work  the  average  cost  for  fuse  and  detonators  at  two  mines 
was  $0.0039,  and  for  electric  detonators  at  one  mine  was  $0.0033. 
This  table  also  shows  that  the  average  production  was  209  tons  of 
coal  per  25-pound  box  of  explosives  in  rooms,  or  the  cost  of  explo- 
sives per  ton  of  coal  was  1.1  cents.  In  some  rooms  a  production  of 
300  tons  per  25-pound  box  of  explosive  was  obtained.  The  average 
production  in  entries  was  104  tons  per  25-pound  box,  the  explosive 
cost  per  ton  of  coal  being  2.4  cents.  It  is  felt  that  on  the  average 
the  miner  in  rooms  can  easily  obtain  200  tons  of  coal  per  25-pound 
box  of  explosive  at  a  cost  of  less  than  1.5  cents  per  ton  of  coal  pro- 
duced, including  fuse  and  detonators. 

Additional  data  on  the  cost  of  explosives  per  ton  of  coal  produced 
from  a  test  with  two  brands  of  permissible  explosives  at  one  mine 
are  as  follows: 

Results  of  tests  of  two  permissible  explosives  at  one  mine. 


Permissible  explosive  used. 

Number 

of  places 

shot. 

Average 

depth  of 

holes. 

Explosive 
used. 

Total 
cost. 

Coal 
produced. 

Cost  per 
ton. 

Coal  pro- 
duced per 
25-pound 
box  ex- 
plosive. 

No.  1 

4 
4 

Ft.  in. 
5    10 
5    11 

Pounds. 
19.9 
18.5 

$1.95 
1.81 

Tons. 
145. 15 
147.  40 

$0. 0134 
.0123 

row*. 

183 

No.  2 

200 

.0128 

191 

The  percentages  of  different  sizes  of  coal  produced  with  the  use  of 
permissible  explosives  at  ten  mines  in  Franklin  county,  the  coal 
being  screened  over  shaking  screens  with  round  holes,  were  as 
follows: 

Sizes  of  coal  produced  with  permissible  explosives  in  10  mines. 


Mine  No. 

Lump, 
6  inches 
in  diam- 
eter. 

Egg, 
3  to  6 
inches  in 
diam- 
eter. 

Nut, 
2  to  3 
inches  in 
diam- 
eter. 

Screen- 
ings, 2 
inches  in 
diam- 
eter. 

1 

Per  cent. 
18.22 
22.08 
18.00 
22.00 
17.00 
27.34 
24.14 
22.05 
23.44 
21.73 

Per  cent. 
19.77 
20.40 
22.15 
14.00 
23.00 
20.29 
20.67 
21.62 
20.43 
17.42 

Per  cent. 
10.96 
12.52 
10.50 
16.00 
12.00 
11.91 
12.60 
11.86 
9.28 
10.65 

Per  cent. 
51.05 
45.00 
49.35 
48.00 
48.00 
40.46 
42.59 
44.47 
46.85 
50.20 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Average 

21.60 

19.97 

11.83 

46.60 
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COMPARISONS    WITH   USE    OF    BLACK   BLASTING    POWDER    IN 
ILLINOIS  MINES. 

COSTS    OF   EXPLOSIVE    PER   TON. 

Comparative  data  on  the  cost  of  explosives  per  ton  of  coal  and 
the  sizes  of  coal  produced  from  all  the  mines  were  not  obtainable, 
owing  to  the  fact  that  the  different  mines  were  using  both  permis- 
sible explosives  and  black  blasting  powder,  or  were  shooting  off  the 
solid  and  also  mining  by  machines  at  the  same  time.  Some  mines 
changed  from  shooting  off  the  solid  with  black  blasting  powder  to 
machine  mining  and  permissible  explosives;  other  mines  have  used 
permissible  explosives  exclusively  and  have  no  data  on  black  blasting 
powder.  Changes  in  methods  of  preparation  of  coal  have  also  been 
made. 

A  few  typical  comparisons  of  the  relative  productive  values  of 
black  blasting  powder  and  permissible  explosives  are  as  follows: 

Data  shorving  comparative  production  of  coal  with  equal  amounts  of  black  blasting  ponder 
and  permissible  explosive  at  one  mine. 

BLACK  BLASTING  POWDER. 


Month. 


Coal 

produced, 
tons. 


Number 
of  25- 
pound 
Kegs  of 
black 
blasting 
powder 
used. 


Tons 
of  coal 
produced 
per  25- 
pound 
keg  of 
black 
blasting 
powder. 


October,  1908... 
November,  190S 

Total 


38, 746 
30, 270 


430 
363 


90.10 
83.38 


69,016 


793 


S7.03 


PERMISSIBLE  EXPLOSIVE. 


Month. 


Coal 

produced, 

tons. 


October,  1910 i      49>  J°6 

November,  1910 ,      48,612 

Total !      98,318 


Number 
of  25- 
pound 
boxes  of 
permissi- 
ble ex- 
plosive 
used. 


286 
274 


560 


Tons 
of  coal 
produced 
per  25- 

Eound 
ox  of 
permissi- 
ble ex- 
plosive. 


173.79 
177.41 


175.55 


The  above  figures  show  a  production  of  two  tons  to  one  in  favor  of 
permissible  explosives  with  the  use  of  equal  amounts  of  explosive. 


70 


USE   OP   PERMISSIBLE   EXPLOSIVES   IN    ILLINOIS. 


Tho  average  production  per  unit  of  explosive  for  a  period  of  ono 
year  at  five  mines  which  changed  from  black  blasting  powder  to  per- 
missible explosives  is  as  follows: 

Average  production  at  five  mines  with  black  blasting  powder  and  permissible  explosives. 


Mine  No. 

Tons  pre- 
viously 

produced 
per  25- 
pound 
keg  of 
black 

blasting 

powder. 

Tons 
produced 
per  25- 
pound 
box  of 
permissi- 
ble ex- 
plosive. 

] 

90 
100 
85 
68 
131 

130 
202 
12S 
107 
215 

2 

3 

4 

5 

95    I      156 

1 

1.64 

Explosives  cost  per  ton  of  coal  produced  with  black  blasting 
powder  at  $1.75  per  25-pound  keg $0. 0184 

Explosives  cost  (including  detonators)  per  ton  of  coal  produced 
with  permissible  explosive  at  $2.45  per  25-pound  box 0167 

The  above  data  include  mines  in  Franklin,  Saline,  and  Mont- 
gomery Counties  and  are  representative  of  the  comparative  production 
by  black  blasting  powder  and  permissible  explosives  in  mines  in 
which  the  physical  character  of  the  coal  differs  considerably. 

Data  available  from  an  early  test  in  determining  the  price  to  miners 
for  permissible  explosives  in  Franklin  County  mines  in  1910  are  given 
as  follows: 

Data  on  shots  with  black  blasting  powder  and  a  permissible  explosive. 


Place  where  shot  was  fired. 

Shots  with  black  blasting 
powder. 

Shots  with  a  permissible 
explosive. 

Entry. 

Room. 

Number 
of  shots. 

Quantity 
of  explo- 
sive. 

Coal  pro- 
duced. 

Number 
of  shots. 

Quantity 
of  explo- 
sive. 

Coal  pro- 
duced. 

5NW 

5 

3 
3 
3 
3 
3 

Lbs.  oz. 

4  13 

6  7 

5  8 

7  4 

6  10 

Tons. 
31 
43 
36 
39 
38 

3 
3 
3 
3 
3 

Lbs.    oz. 

3  14 

2  114 

4  5J 

3  8 
3    13 

Tons. 
22 

4SW 

18 

32 

4SW 

25 

38 

2  N  W 

3 

41 

2  N  W 

4 

40 

Total 

15 

30    10 

187 

15 

18      4 

173 

1 

2     i 

12.5 

6.2 

155.0 

1 

1      3.5 

11.5 

Coal  produced  per  pou 
Tons  of  coal  per  25-pou 

9.5 

nds  of  explosive 

237.5 

Ratio  of  production  per  pound  of  explosive :  Black  powder,  1;  permissible  explosive, 
1.53.  If  the  shots  in  room  5,  entry  5  NW,  in  which  the  permissible  explosive  did  not 
produce  its  full  amount  of  coal,  be  eliminated,  then  for  12  shots  in  four  rooms  the  rela- 
tive production  is — black  powder  1,  permissible  explosive  1.75. 
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The  records  show  that  in  three  instances  some  work  was  necessary 
to  obtain  all  the  coal  from  the  shots  with  the  permissible  explosive, 
but  on  the  whole  the  results  were  satisfactory. 

The  results  of  a  test  at  one  mine  with  black  powder  and  three 
brands  of  permissible  explosives  by  the  joint  State  powder  commis- 
sion were  as  follows: 

Results  of  tests  with  black  blasting  powder  and  three  brands  of  permissible  explosives. 


Explosive. 

Num- 
ber of 
places 
shot. 

Quantity 
of  ex- 
plosive 
used. 

Number 

of  squibs 

used. 

Length 
of  fuse 
used. 

Num- 
ber of 
detona- 
tors 
used. 

Total 
cost  of 
explo- 
sive. 

Amount 
of  coal 
pro- 
duced. 

Cost 

per  ton 

of 

coal. 

Produc- 
tion 
per  25- 
pound 
box  ex- 
plosive. 

Black  blasting  powder. . 

4 

12 
15 
15 

Pounds. 
29.50 

54.75 

67.25 
72.75 

12 
None. 
None. 
None. 

Feet. 

$2.08 
6.83 
8.21 
8.82 

Tm&. 

191-3 
525- 
624- 
629- 

SO.  0108 
.0130 
.0131 
.0140 

Tom. 
162 

Permissible    explosive 
No.  1 

233 
240 
250 

35 

42 
44 

240 

Permissible    explosive 
No.2 

232 

Permissible    explosive 
No.  3 

216 

The  average  production  with  the  three  permissible  explosives  was 
228  tons  per  25-pound  box.  The  ratio  of  production  was:  Black 
powder,  1;  permissible  explosive,  1.4.  This  ratio  has  been  consider- 
ably improved  since  permissible  explosives  came  into  general  use  at 
this  mine. 

Data  from  the  annual  coal  reports  of  the  State  mining  board  show 
an  average  production  of  116  tons  of  coal  per  25-pound  keg  of  black 
blasting  powder  for  a  three-year  period  at  the  above  mine,  including 
rooms  and  entries.  The  average  production  per  25-pound  box  of 
permissible  explosives  is  215  tons.  The  ratio  of  production  per  unit 
of  black  blasting  powder  to  permissible  explosives  is  therefore  1  :  1.85. 

A  test  by  the  powder  commission  at  another  mine  gave  the  following 

results : 

Results  of  tests  at  another  mine. 


Explosive  and  place. 

Number 

of  places 

shot. 

Average 
length 
of  hole. 

Quantity 
of  explo- 
sive used. 

Length 
of  fuse 
used. 

Tons  pro- 
duced. 

Cost  per 
ton. 

Black  blasting  powder: 

5 

4 

5 

4 

Ft.   in. 
5      5 
5      6 

5      5 
5      8 

Lb.   oz. 
57      5 
36    11 

32      0 
16    15 

Ft.  in. 
72      0 
34    10 

79      6 
44     10 

Tons. act. 

243    19 

71      8 

220      2 
62    15 

a  $0. 0164 

a.  0370 

Permissible  explosive: 

6.0152 

c.0297 

a  Does  not  include  cost  of  fuse. 

b  Add  TV  cent  per  ton  for  detonators. 

c  Add  |  cent  per  ton  for  detonators. 


Price  of  black  blasting  powder,  $1.75  per  25-pound  keg;  permissible  explosive,  $2.45 
per  25-pound  box.  Ratio  of  production  with  black  blasting  powder  to  production 
with  permissible  explosive:  In  rooms,  1  : 1.6;  in  entries,  1  : 1.9. 
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The  figures  of  the  test  show  that  the  cost  for  explosives  per  ton  of 
coal  produced  in  entries  is  practically  double  that  in  rooms.  The 
previous  average  at  this  mine  was  68  tons  per  25-pound  keg  of  black 
blasting  powder.  The  present  average  with  the  permissible  explosive 
used  is  107  tons  per  25-pound  box.  The  permissible  explosives,  there- 
fore, produce  1.6  times  as  much  coal  per  unit  as  black  blasting  powder, 
which  closely  bears  out  the  figures  of  the  first  test. 

With  black  blasting  powder,  at  SI. 75  per  25-pound  keg,  and  per- 
missible explosive,  at  $2.45  per  25-pound  box,  permissible  explosive  is 
considerably  cheaper  for  the  miner  on  the  basis  of  cost  of  explosives 
and  detonators  °  per  ton  of  coal  produced. 

Data  by  Andros  b  give  for  43  machine  mines  in  Illinois  using  black 
blasting  powder,  a  powder  cost  of  2.1  cents  per  ton  of  coal;  and  for  34 
mines  in  which  shooting  from  the  solid  is  practiced,  a  powder  cost  of 
8.3  cents  per  ton  of  coal. 

RELATIVE    SIZES   OF   COAL. 

A  few  typical  comparisons  of  the  sizes  of  coal  produced,  from  data 
obtained  at  various  mines,  are  as  follows: 

The  sizes  of  coal  produced  in  one  mine  for  two  consecutive  months 
in  1912  with  black  blasting  powder  are  as  follows: 

Production  with  black  blasting  powder  for  two  months  in  1914. 


Size  of  coal. 

Amount  produced 
during— 

Average. 

First 
month. 

Second 
month. 

Per  cent. 

20 

22 

7 

51 

Per  cent. 
19 
19 
14 
48 

Per  cent. 
19.5 

20.5 

10.5 

49.5 

Total 

100 

100 

100.0 

The  production  in  the  same  mine  for  three  consecutive  months  with 
permissible  explosives  in  1914  was  as  follows: 

Production  with  permissible  explosives  for  three  months  in  1914. 


Amount  produced  during— 

Size  of  coal. 

First 
month. 

Second 
month. 

Third 
month. 

Average. 

Per  cent. 

20 

24 

6 

50 

Per  cent. 

19 

26 

5 

50 

Per  cent. 
17 
24 
9 
50 

Per  cent. 
18.7 

24.7 

6.6 

50.0 

Total 

100 

100 

100 

100.0 

a  The  cost  of  detonators,  as  shown  on  p.  67,  is  approximately  0.1  cent  per  ton  of  coal  produced,  and  is 
very  low  because  a  large  production  of  coal  is  gained  per  shot.  The  average  cost  in  some  rooms  is  not 
more  than  0.07  cent  per  ton  of  coal  produced. 

b  Andros,  S.  O.,  Coal  Mining  in  Illinois,  Bull.  13,  Coal  Mining  Investigations,  1915,  pp.  116, 122. 
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This  shows  that  comparatively  as  good  results  are  obtained  with 
permissible  explosives  and  that  the  slight  decrease  in  the  proportion 
of  6-inch  lump  is  offset  by  increase  in  the  egg  sizes  with  little  increase 
in  screenings. 

The  results  at  another  mine  were  as  follows: 

Relative  sizes  obtained  at  one  mine. 


Lump, 
6-inch. 

Egg, 
litc-6 
inch. 

Screen- 
ings, 
li-inch. 

13.35 
12.49 
12.04 
11.71 

11.99 

46.88 
47.94 
47.05 
46.32 
46.91 

39.77 

39.57 

40.91 

41.97 

41.10 

This  showing  is  favorable  for  permissible  explosives.  The  results 
at  another  mine  during  the  last  year  of  using  black  blasting  powder 
and  the  first  year  of  using  permissible  explosives  were  as  follows: 

Comparative  results  for  periods  of  one  year  each. 


Size  of  coal. 


Last  year 
of  using 

black 
powder. 


First  year 
of  using 

per- 
missible. 


Lump,  6-inch 

Egg,  3  to  6  inch . . 
Nut,  2  to  3  inch... 
Screenings,  2-ineh 


Per  cent. 
24.19 
19.28 
16.50 
40.03 


Per  cent. 
20.41 
21.29 
12. 88 
45.42 


The  comparison  above  represents"  perhaps  the  maximum  increase 
in  screenings  due  directly  to  the  use  of  permissible  explosives.  A 
small  amount  of  pillar  coal  is  included  in  the  percentages  for  per- 
missible explosives. 

One  of  the  latest  mines  in  which  the  use  of  permissible  explosives 
has  been  substituted  for  black  blasting  powder  reports  excellent 
results  both  in  cost  of  explosive  to  the  miner  and  sizes  of  coal  pro- 
duced. The  cost  of  explosives  to  the  miner  has  been  reduced  prac- 
tically 50  per  cent,  and  the  proportion  of  larger  sizes  of  coal  has  been 
increased.  Records  kept  for  a  two-month  period  show  a  decrease 
of  3  2  per  cent  in  the  amount  of  1^-inch  screenings. 

It  is  generally  agreed  that  the  use  of  permissible  explosives  may 
give  slightly  more  screenings  than  the  use  of  black  blasting  powder, 
but  the  results  obtained  have  been  convincing  proof  that  under  favor- 
able conditions  the  increase  in  proportion  of  screenings  from  using 
permissible  explosives  can  be  kept  at  a  low  figure.  The  increase  at 
the  majority  of  these  mines  ranges  from  nothing  to  1  or  2  per  cent, 
with  a  maximum  of  5  per  cent.     As  the  miner  is  paid  on  the  mine- 
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run  basis,  he  has  no  special  incentive  to  produce  lump  coal;  hence 
these  figures  may  be  accepted  as  the  results  obtained  from  the  use  of 
permissible  explosives  under  regular  working  conditions  without  an 
attempt  to  obtain  a  maximum  amount  of  lump  coal. 

THE    DEMAND   FOR   THE    DIFFERENT    SIZES. 

The  preparation  of  a  great  number  of  sizes  of  coal  is  necessary  at 
Illinois  mines  to  meet  the  market  demands.  Most  of  the  mines 
where  permissible  explosives  are  used  are  equipped  to  load  eight 
to  ten  sizes  of  coal.  At  one  mine  equipment  was  provided  to  load 
17  sizes  of  coal,  as  shown  in  the  following  table: 

Data  on  equipment  for  loading  17  sizes  of  coal. 


•  Number  of  combina- 
tion. 

Track  1. 

Track  2. 

Track  3. 

Track  4. 

Kind  of 
coal. 

Size  of 
coal. 

Kind  of 
coal. 

Size  of 
coal. 

Kind  of 
coal. 

Size  of 
coal. 

Kind  of 
coal. 

Size  of 
coal. 

1 

Lump... 
...do 

Inches. 
a 

2 

6 

li 

2 

6 

3 

6 

6 

2 

3 

6 

3 

6 
6 

Inches. 

Inches. 

Screen- 
ings. 
...do 
...do 
...do 

Inches. 
a. 

2                         

Nut 
...do 

J  by  2 
I  by  2 

f 

3 

...do 

Egg 

2  by  6 

4 

...do 

u 

5 

...do 

Nut 
...do 
...do 

1)  by  2 
Hby2 
if  by  3 
Hby3 

...do 
...do 
...do 
...do 
...do 

]i 

6... 

...do 

Egg 

2  by  6 

ii 

7                       

...do 

11 
ii 

8...               

...do 

Egg 

...do 

3  by  6 
ljby6 

...do 

9 

...do 

li 

10 

...do 

...do 

2 

11 

...do 

Nut 
...do 

S  creen- 
ings. 
...do 

2  by  3 

2  by  3 

3 

3 

...do 
...do 

2 

12. 

...do 

Egg 

3  by  6 

2 

13 

...do 

14 

...do 

Egg 

Mine  run 

3  by  6 

6 

15 

...do 

Very  little  run-of-mine  coal  is  shipped  from  the  mines.  As 
noted  on  page  68  the  proportion  of  lump  coal  and  screenings  produced 
at  10  of  the  mines  under  discussion  averages  53.4  per  cent  lump 
and  46.6  per  cent  of  2-inch  screenings.  The  demand  for  these  sizes 
is  variable.  During  a  part  of  the  year  the  markets  require  the 
larger  sizes  of  coal,  which  command  a  higher  price  than  screenings; 
therefore,  it  is  of  interest  to  the  operator  to  produce  at  such  times 
as  large  a  percentage  as  possible  of  these  larger  sizes.  The  greatest 
demand  for  lump  coal  probably  comes  in  the  late  summer  and  in 
the  fall  and  winter,  with  a  consequent  rise  in  prices  during  these 
periods.  It  is,  however,  necessary  to  produce  screenings  in  the  pro- 
portion noted  above  whenever  lump  coal  is  produced;  therefore,  the 
price  of  screenings  tends  to  be  lower  during  the  periods  when  the 
price  of  lump  coal  is  highest. 

The  demand  for  screenings,  which  conies'  largely  from  steam  power 
plants,  is  more  nearly  constant  during  the  whole  year;  consequently 
the  mines,  to  meet  the  demand  for  screenings,  must  in  the  spring 
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and  summer  months  produce  lump  coal  for  which  there  is  little 
demand.  This  may  necessitate  for  certain  periods  crushing  of  the 
lump  coal  produced.  During  the  spring  of  1915  one  company  crushed 
400  tons  of  6-inch  lump  daily  for  a  time,  and  other  companies  are 
considering  the  installation  of  machinery  for  crushing  coal  during 
the  spring  and  summer  months.  During  the  previous  winter,  how- 
ever, some  companies  were  forced  to  store  their  screenings  in  piles 
at  the  mines  when  the  greatest  demand  was  for  the  larger  sizes; 
then  when  the  demand  for  lump  coal  fell  off  and  that  for  screenings 
continued  steady,  steam  shovels  were  employed  to  load  the  screen- 
ings, while  thousands  of  tons  of  lump  loaded  on  cars  waited  for  a 
market. 

In  this  connection  Weeks  states  °  that — 

Under  present  conditions  (spring  of  1915)  it  matters  but  little  whether  we  are  able 
to  produce  20  or  40  per  cent  of  screenings  or  80  or  60  per  cent  of  larger  sizes;  there 
arises  daily  the  necessity  to  reduce  prices  on  one  or  more  sizes  to  prevent  congestion 
at  the  mines. 

The  demand  for  small  prepared  coal  and  for  screenings  has  been 
increasing  year  by  year.  This  demand  and  the  high  price  obtained 
for  the  nut  sizes,  which  are  taken  from  the  screenings,  as  a  domestic 
fuel  is  at  some  of  these  mines  a  factor  that  increases  the  relative 
value  of  the  fine  sizes,  greatly  prolongs  the  period  in  which  it  may 
pay  to  produce  the  smaller  coal,  and  assists  to  maintain  a  better 
balance  in  the  value  of  the  whole  product.  Owing  to  these  varying 
demands  it  is  difficult  to  form  a  correct  basis  for  computing  how 
much  a  possible  small  increase  in  screenings  from  the  use  of  permis- 
sible explosives  might  effect  the  average  value  of  the  mine  output. 

Taking  the  average  price  of  lump  coal  over  2-inch  screens  as  $1.48 
and  the  average  price  of  2-inch  screenings  as  $0.73,  as  representa- 
tive of  Franklin  County  market  prices  b  for  the  years  1913  and  1914, 
the  difference  in  value  per  ton  is  $0.75,  and  consequently  each  in- 
crease of  1  per  cent  of  screenings  decreases  the  value  of  the  product,  in 
terms  of  mine-run  coal,  three-fourths  of  a  cent  per  ton. 

Although  it  is  desired  that  the  largest  possible  production  of  the 
larger  sizes  be  maintained,  the  feeling  prevails  among  the  operators 
that  the  advantages  of  permissible  explosives  make  their  use  eco- 
nomical even  with  a  slight  increase  in  the  proportion  of  screenings. 
Hence  the  present  problems  do  not  include  considerations  of  a  return 
to  the  use  of  black  blasting  powder,  but  possible  ways  and  means  of 
improving  the  results  obtained  with  permissible  explosives.  Such 
items  are  discussed  in  a  following  chapter. 

a  Weeks,  H.  W.,  The  influence  of  size  on  the  cost  of  making  steam:  The  Black  Diamond,  Mar.  20, 1915, 
p.  233. 

6  Holbrook,  E.  A.,  Dry  preparation  of  bituminous  coal  at  Illinois  mines:  Bull.  88,  Eng.  Exp.  Station, 
University  of  Illinois,  1916,  p.  76. 
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FACTORS  AFFECTING  COST  OF    EXPLOSIVES   PER  TON   OF    COAL 
AND   SIZES  OF  COAL  PRODUCED. 

There  are  a  number  of  factors  that  influence  the  cost  of  explo- 
sives per  ton  of  coal  and  the  sizes  of  coal  produced.  It  is  difficult 
to  explain  the  differences  in-  the  results  obtained  at  the  various 
mines,  for  these  factors  may  vary  in  different  parts  of  the  same 
mine.  In  general  they  may  be  summarized  as  follows:  (1)  Physical 
structure  of  the  coal  and  roof,  (2)  extent  of  undercutting  and  snub- 
bing, (3)  methods  of  use,  (4)  order  of  firing  shots,  and  (5)  width  of 
workings. 

PHYSICAL  STRUCTURE  OF  THE  COAL  AND  ROOF. 

Conditions  favorable  and  unfavorable  to  shooting  down  coal  are 
usually  indicated  in  the  production  of  coal  per  unit  of  explosive 
used.  The  thickness  of  the  bed,  its  cleat,  friability,  the  nature  of  the 
roof,  and  impurities,  such  as  shale  or  "sulphur"  bands  and  irregulari- 
ties, all  affect  blasting.  Other  conditions  being  equal,  the  thicker  the 
coal  the  greater  is  the  production  per  unit  of  explosive.  The  No.  6 
bed  has  certain  characteristics  which  tend  to  affect  the  ease  of  min- 
ing, such  as  the  absence  of  definite  cleat,  and  the  variation  pre- 
sented in  the  three  distinct  benches — the  brittle  top  coal,  the  some- 
what stronger  middle  bench,  the  "blue  band"  parting,  and  the  firm 
and  hard  bottom  coal.  The  average  production  per  unit  of  explo- 
sive in  coals  No.  5  and  6  is  not  in  proportion  to  the  thickness  of  the 
beds.  In  mining  the  No.  6  coal  the  top  layer  of  coal  is  left  for  roof 
and  the  parting  is  not  so  free  as  the  more  pronounced  roof  separa- 
tion of  the  No.  5  coal  in  Saline  County.  This  is  especially  true  where 
the  roof  is  a  light-oolored  shale,  for  then  the  parting  is  very  distinct 
and  the  coal  breaks  away  freely.  The  cleat  in  No.  5  coal  in 
Saline  County  is  probably  more  pronounced  than  in  the  No.  6  coal 
anywhere  in  the  State.  Consequently  where  No.  5  coal  has  its 
maximum  thickness  the  production  per  unit  of  explosive  is  slightly 
higher  than  the  average  for  No.  6  coal. 

As  to  friability,  these  coals  are  regarded  as  being  somewhat  stronger 
and  firmer  than  the  average  bituminous  coals  and  they  withstand 
shipment  well.  Tests  to  determine  breakage  due  to  handling  tend 
to  show  that  Illinois  coals  shot  by  permissible  explosives  are  not 
affected  materially  by  handling  as  compared  with  the  same  coals  shot 
by  black  blasting  powder.  Especially  in  the  egg  and  nut  sizes  these 
coals  are  firm  and  hard  and  suffer  little  loss  from  breakage  in  ordi- 
nary handling. 

In  certain  mines  in  the  No.  6  bed,  where  limestone  closely  overlies 
the  coal  with  2  to  8  feet  of  shale  intervening,  the  top  coal  is  not  left 
up,   but   is  often    unusually  hard    and   contains    many  bands  of 
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"rock"  and  " sulphur."  Such  bands  affect  both  the  cost  of  min- 
ing and  the  sizes  produced,  because  greater  explosive  force  is  required 
to  break  the  coal  and  in  the  removal  of  impurities  the  coal  under- 
goes further  breakage.  Often  "sulphur"  bands  or  'Tolls"  are  en- 
countered in  drilling  and  the  miner  is  compelled  to  shoot  a  short  hole 
with  possibly  unsatisfactory  results  and  at  increased  cost. 

Plates  VII  and  VIII  show  the  No.  6  coal  after  being  shot  down 
with  permissible  explosives  in  typical  mines  in  Franklin  County. 

UNDERCUTTING    AND    SNUBBING. 

Table  1  (p.  22)  shows  that  the  average  depth  of  undercutting  by 
chain  machines  in  the  18  mines  listed  is  6  feet,  with  a  maximum  of 
7  feet  and  a  minimum  of  5  feet.  The  average  depth  of  undercutting 
by  puncher  machines  is  4.75  feet.  As  the  amount  of  explosive  used 
in  practice  is  not  proportional  to  the  depth  of  the  drill  hole  or  the 
depth  of  undercutting,  it  would  appear  that  the  production  of  coal 
per  unit  of  explosive  used  should  be  slightly  increased  for  the  deeper 
undercutting.  Undercutting  6  to  7  feet,  with  adequate  "snubbing," 
has  in  most  mines  been  found  satisfactory.  The  undercutting  is 
always  done  in  the  coal. 

The  saving  of  explosive  by  proper  undercutting  is  too  often  over- 
looked, although  the  advantage  gained  by  giving  the  explosive  the 
best  possible  chance  to  work  can  clearly  be  measured  by  the  results 
obtained.  If  the  coal  is  not  "snubbed,"  it  may  rest  rather  firmly 
on  the  bottom,  so  that  extra  work  is  required  to  release  it;  and  if 
undercutting  is  incomplete  and  small  solid  blocks,  coal  sprags,  or 
cuttings  are  not  removed  from  underneath,  the  shot  can  not  prop- 
erly do  its  work  and  a  part  of  the  advantage  of  undercutting  is  lost. 
The  explosive  force  follows  the  lines  of  least  resistance  and  can  do 
only  a  certain  amount  of  work. 

Some  machine  men  do  not  finish  the  undercutting  square  with  the 
rib  when  using  the  short-wall  machine  The  machine  is  pointed 
into  the  rib  at  the  back  of  the  cut  and  then  withdrawn  at  an  angle. 
This  prevents  placing  the  rib  hole  to  advantage,  and  as  a  result 
the  left  rib  will  break  in  a  "  zigzag  "  fashion.  The  miner  in  endeavor- 
ing to  maintain  a  straight  rib  will  angle  the  hole  in  toward  the  solid 
coal;  extra  explosive  is  required  and  the  results  are  less  satisfactory. 

Data  from  two  mines,  shown  in  Table  3,  give  a  proportionately 
larger  production  per  unit  of  explosive  with  the  7-foot  machine  as 
compared  with  the  6-foot  machine.  In  some  instances  less  explosive 
was  used  after  a  7-foot  machine  than  after  a  6-foot  machine  in  rooms 
on  adjoining  entries.  The  miners  noted  no  difference  in  the  work  of 
loading  out  the  coal.  It  is  thought  that  the  7-foot  cut  is  the  maximum 
for  good  results  in  this  field. 
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The  method  of  snubbing  back  half  the  distance  of  the  under- 
cutting is  a  good  one.  At  some  mines  hand  snubbing  is  rather  difficult 
but  for  the  most  part  the  coal  is  suitable  for  snubbing  and  is  easily 
broken  down  in  slabs.  Often  the  bottom  layers  of  coal  immediately 
above  the  undercut  will  break  down  from  the  weight,  thus  assisting 
snubbing.  Snubbing  benefits  both  the  miner  and  the  operator.  It 
is  to  the  miner's  advantage  because  it  saves  explosive  and  makes  the 
work  of  obtaining  the  coal  easier.  Usually  the  face  breaks  at  an 
angle,  with  the  top  projecting  out  2  feet  farther  than  the  bottom. 
When  snubbing  is  properly  done,  the  coal  when  shot  falls  forward 
and  rolls  over,  thus  giving  the  miner  the  same  advantage  as  in  loading 
after  puncher  machines.  As  there  is  usually  a  differential  in  the 
rates  for  loading  after  chain  machines  and  after  puncher  machines, 
and  as  coal  mined  with  chain  machines  and  snubbed  presents 
practically  the  same  conditions  as  coal  undercut  with  puncher 
machines,  the  miner  can  consider  that  he  is  being  paid  for  snubbing 
at  the  rate  of  the  number  of  tons  of  coal  loosened  per  round  of  holes 
times  the  difference  between  cost  of  loading  per  ton  after  puncher  and 
after  chain  machines.  In  Franklin  County  this  difference  amounts  to 
6  cents  per  ton;  the  amount  of  coal  shot  down  in  a  room  24  feet  wide, 
7^  feet  high,  and  a  7-foot  undercut  averages  about  50  tons;  then 
50  times  $0.06  equals  $3,  which  represents  the  value  of  snubbing. 
Snubbing  also  gives  better  sizes  of  coal,  which  is  an  advantage  to  all 
parties  concerned.  Frequently,  however,  the  miner  neglects  to  do 
enough  snubbing.  At  some  mines  the  shot  firers  refuse  to  shoot 
shots  when  the  snubbing  is  inadequate ;  at  other  mines  face  bosses  are 
employed  who  in  addition  to  other  duties  supervise  snubbing. 

ADVANTAGE    OF  FIRING    "SNUBBING   SHOTS." 

In  a  number  of  mines  where  the  coal  mined  averages  8£  to  9  feet, 
and  up  to  10  feet,  thick  " snubbing  shots"  are  fired.  Inasmuch  as 
the  limit  charge  of  permissible  explosive  is  often  exceeded  under 
average  conditions,  snubbing  shots  are  necessary  in  the  thicker  coal 
and  could  be  employed  to  good  advantage  throughout  the  field. 
In  the  mines  in  Franklin  County  the  average  thickness  of  coal  worked 
is  about  8  feet.  The  top  coal,  in  which  holes  are  drilled  under  present 
methods,  is  a  brittle  coal.  Sufficient  explosive  must  be  inserted  to 
break  down  7  to  8  feet  of  coal.  The  bottom  bench  below  the  "blue 
band"  ranges  from  \\  to  3  feet  thick  and  is  by  far  the  hardest  part 
of  the  seam;  in  some  sections  the  "blue  band"  is  2  to  3  inches 
thick  and  in  places  very  hard  to  break.  Thus  it  can  be  seen  that 
under  present  methods  the  firing  of  three  shots  to  break  this  entire 
thickness  of  coal,  with  the  hardest  part  of  the  seam  the  farthest 
from  the  explosive  and  with  the  explosive  embedded  in  the  more 
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brittle  top  coal,  requires  excessive  charges    and  such  charges  must 
tend  to  increase  the  proportion  of  screenings. 

Plate  VIII,  A,  shows  the  results  of  snubbing  shots  in  coal  9  feet  thick. 
The  coal  underneath  the  "blue  band"  has  been  broken  down,  giving 
excellent  lump.  After  this  has  been  loaded  out,  or  even  partly  loaded 
out,  the  remaining  part  oan  be  shot  down  with  good  results.  A 
special  tool,  an  iron  rod  three-fourths  of  an  inch  in  diameter  and 
about  6  feet  long,  with  a  handle  on  one  end  and  a  prong  or  hook  on 
the  other,  can  be  used  efficiently  for  pulling  out  the  coal  produced 
by  the  snubbing  shots.  This  total  is  known  as  a  snubbing  or  coal 
hook. 

MINING    "  ON    THE    BENCH." 

In  order  to  furnish  for  this  report  some  data  on  the  practicability  of 
mining  ''on  the  bench"  in  the  No.  6  bed,  a  test  was  conducted  at  the 
West  mine,  at  West  Frankfort,  during  the  latter  part  of  March,  1916, 
by  Robert  Forsyth,  superintendent  of  the  West  Frankfort  Coal  Co., 
who  first  proposed  trying  out  such  a  method  as  early  as  1909,  at 
the  time  explosions  were  so  frequent  in  this  field.  The  method, 
although  not  new  for  Illinois,  had  never  been  tried  previously  in 
Franklin  County.  The  accompanying  sketches  in  figure  16  show  the 
features  of  this  method. 

This  test  was  made  in  rooms  3  and  4,  off  the  third  southeast  stub 
entry.  In  order  to  establish  the  "bench,"  the  mining  machine  was 
unloaded  onto  a  specially  erected  platform,  so  as  to  raise  the  cutter 
bar  to  the  desired  height.  The  first  cutting  was  made  across  the 
face  of  the  room  immediately  above  the  "blue  band"  in  the  soft 
coal,  5  to  6  inches  thick,  occurring  just  a  few  inches  above  the  "blue 
band,"  as  in  A,  figure  16.  The  coal  was  then  snubbed  by  hand  1  foot 
high  and  1\  feet  deep,  as  is  the  regular  custom,  and  shot  down  with 
three  holes  with  two  and  one-fourth  sticks  of  explosive  in  the  center  hole 
and  two  sticks  in  each  rib  hole.  In  regular  shooting  with  three  holes, 
when  the  mining  is  on  the  bottom,  four  to  five  sticks  of  explosive  per 
hole  are  used.  This  fall  was  then  loaded  out  and  another  cutting  put 
in,  as  shown  at  B,  figure  16.  This  time,  however,  the  machine  was 
unloaded  on  the  bench,  and  the  cutting  was  done  in  the  usual  way. 
The  height  of  coal  above  the  bench  was  5  feet  5  inches.  Another 
round  of  shots  was  fired,  and  as  the  bench  had  already  been  estab- 
lished, this  coal  was  loaded  from  the  bench  directly  into  the  car,  the 
bench  being  2  feet  4  inches  high,  thus  giving  the  miner  the  advantage 
of  much  easier  loading.  After  this  coal  was  loaded  out,  a  third  cut- 
ting was  made  and  three  holes  again  drilled  and  charged,  as  shown 
at  C,  figure  16. 

The  plan  then  required  shooting  up  one  cut  of  bottom  in  order  that 
the  face  of  the  coal  could  be  kept  at  a  uniform  distance  from  the 
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track,  so  three  holes  were  accordingly  drilled  in  the  bottom  coal,  and 
one  stick  of  explosive  was  placed  in  the  center  hole  and  three-fourths 
of  a  stick  in  each  rib  hole.  This  shot  the  bottom  very  successfully, 
giving  practically  all  lump  coal,  as  the  shots  merely  loosened  the 
coal  in  large  lumps.     The  bottom  holes  were  placed  as  shown  in  C 


P-h'8 

«■§, 
.2* 


-  — 
0.3 

o  3 


?! 


and  in  the  front  view,  sloping  downward  into  the  bottom  clay  from  a 
starting  point  about  6  inches  from  the  top  of  the  bench.  The  center 
shot  in  the  bottom  coal  in  room  4  was  drilled  downward  from  the 
top  of  the  bench,  about  4  feet  back  from  the  edge,  at  an  angle  into 
the  clay.     Tabulated  results  of  the  shots  follow: 
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It  is  felt  that  as  so  large  a  part  of  the  future  production  of  coal  in 
Illinois  will  be  from  coal  No.  6,  any  innovation  in  mining  methods 
that  will  encourage  the  use  of  permissible  explosives  and  lead  to  pro- 
duction of  less  fine  coal  and  possibly  increase  the  miner's  earnings, 
besides  giving  other  advantages,  should  be  carefully  considered. 

The  advantages  of  the  system  described  might  be  enumerated  as 
follows:  Possibly  larger  sizes  of  coal  can  be  produced,  and  with  less 
explosive.  Loading  off  the  bench  makes  work  easier  for  the  miner, 
as  the  coal  on  the  bench  can  be  shoveled  directly  into  the  car  and 
need  not  be  raised  the  full  height  of  the  car,  and  the  "blue  band  "  can 
be  removed  more  easily.  A  row  of  props  can  be  carried  on  the  bench 
close  to  the  face,  thus  insuring  greater  safety  and  fewer  accidents  from 
roof  falls;  also  a  permanent  row  of  props  can  be  kept  up  to  the  bench, 
and  the  miner  can  stand  on  the  bench  and  set  these  props  to  advan- 
tage. The  miner  can  examine  the  roof  more  thoroughly;  the  under- 
cutting can  be  done  more  quickly,  as  the  coal  is  softer  at  this  point; 
and  bits  will  require  only  about  one-third  as  much  sharpening  as 
when  cutting  in  the  hard  bottom  coal.  Drilling  will  be  easier  for  the 
miner  standing  on  solid  coal  than,  as  at  present,  standing  on  a 
box  while  drilling  coal  1\  to  8  feet  high.  The  use  of  smaller  charges 
of  explosive  will  be  easier  on  the  roof  and  break  it  less,  an  extremely 
important  matter  in  Franklin  County  where  the  coal  roof  is 
left  up ;  the  limit  charge  of  1  \  pounds  of  explosive  will  not  be  ex- 
ceeded, which  overcomes  the  objectionable  feature  of  placing  heavy 
charges  of  explosive  in  top  coal,  as  is  necessary  in  breaking  down 
7|  to  8  feet  of  coal  with  a  hard  bottom  bench.  No  changes  need  be 
made  in  the  types  of  mining  machines  now  in  use  except  that  possibly 
wheels  of  larger  diameter,  18  to  22  inches,  might  be  employed  for 
the  machine  truck,  so  that  the  mining  machine  can  be  unloaded 
directly  onto  the  bench  when  the  bench  is  once  established.  At  times 
only  the  middle  bottom  shot  need  be  fired  with  this  method,  and  then 
the  bench  is  not  only  in  front  of  the  car  but  along  the  sides  as  well, 
as  space  can  be  made  for  extending  the  track. 

The  principal  disadvantages  of  this  method  are  that,  from  the 
miner's  standpoint,  it  will  require  the  drilling  of  three  holes  more 
than  by  present  methods  and  possibly  better  workmanship  in  taking 
up  the  bottom  coal  in  some  places.  Also  it  will  make  a  change  in 
conditions.  However,  its  advantages  are  believed  to  overbalance 
greatly  any  disadvantages.  The  use  of  electric  drills  would  obviate 
such  extra  work,  and  these  drills  should  be  used,  provided  that  suit- 
able changes  in  the  wage  scale  were  made. 

METHODS   OF   USING    EXPLOSIVE. 

It  is  generally  conceded  that  it  requires  an  experienced  miner  to 
get  the  best  results  from  permissible  explosives,  as  from  black  blast- 
ing powder;  it  is  also  the  belief  that  a  miner  has  advanced  in  his 
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vocation  when  he  can  also  use  permissible  explosives  successfully. 
The  miner  who  has  become  accustomed  when  using  black  blasting 
powder  to  angle  the  holes  into  the  ribs  and  drill  them  slightly  on  the 
solid  finds  that  permissible  explosive  will  not  give  the  best  results 
under  such  conditions.  When  permissible  explosives  are  used,  the 
hole  should  be  practically  parallel  with  the  rib  and  have  sufficient 
clearance  from  the  rib  and  from  the  back  of  the  undercutting.  The 
inclination  of  the  hole  may  vary  slightly. 

The  excessive  use  of  explosive  increases  both  the  cost  per  ton  of 
coal  and  the  amount  of  screenings  produced.  The  tendency  to  use 
too  much  explosive  is  one  of  the  most  detrimental  factors  to  the  suc- 
cess of  permissible  explosives  in  any  mine.  The  miner's  inherent 
dislike  to  spend  time'  picking  down  coal  after  a  shot  tends  to  result 
in  shots  being  overcharged  except  by  miners  who  consider  the  saving 
from  using  the  proper  amount  and  the  danger  to  life  and  property 
from  an  overcharged  shot. 

The  sizes  of  the  sticks  of  explosives  as  used  in  Illinois  mines  are 
If  by  6  or  If  by  7  inches.  The  limit  charge,  1£  pounds,  would  restrict 
the  amount  used  to  three  sticks  or  less  per  shot,  giving  a  charge  18 
to  21  inches  long,  which  would  occupy  about  one-third  of  the  drill 
hole.  As  noted  in  Table  2,  the  number  of  sticks  in  a  25-pound  box 
of  explosive  varies  from  40  to  53,  depending  upon  the  size  of  the 
cartridge  and  the  density  of  the  explosive.  In  a  25-pound  box  con- 
taining 40  sticks  of  explosive,  the  average  weight  per  stick  is  10 
ounces;  in  a  box  containing  50  sticks,  the  average  weight  per  stick 
is  8  ounces;  therefore,  it  follows  that  two  and  one-half  sticks  of  the 
former  would  do  the  same  work  as  three  sticks  of  the  latter,  assum- 
ing that  the  sticks  of  explosives  are  of  equal  strength.  For  this 
reason  it  is  often  to  the  miner's  advantage  to  cut  a  stick  into  halves 
or  even  into  quarters.  The  accurate  judging  of  the  amount  of  per- 
missible explosive  to  use  is  highly  important  with  respect  to  the  sizes 
of  coal  produced. 

Closely  associated  with  the  improper  use  of  explosives  is  the  dis- 
satisfaction that  may  result  from  misfires,  or  failure  of  shots,  which 
are  due  to  a  number  of  causes  almost  wholly  within  the  province  of 
the  miner  to  prevent.  Preventive  measures  include  care  in  the 
storage  and  handling  of  explosive,  fuse,  and  detonators,  and  the  care- 
ful preparation  of  shots,  as  previously  mentioned.  Misfires  are 
costly,  resulting  in  smaller  output,  waste  of  explosive  and  loss  of  time 
and  increase  of  danger  in  drilling  and  charging  a  new  hole. 

It  has  been  suggested  that  it  would  be  advisable  for  operators  to 
provide  for  the  supervision  of  snubbing  and  of  the  arrangement  and 
charging  of  shots.  Often  the  shot  firers  have  assisted  in  this  work, 
giving  instruction  where  necessary,  and  have  thus  aided  in  bringing 
about  better  results,  to  the  miners  by  improving  methods  of  work 
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and  to  the  operator  by  increasing  the  proportion  of  the  larger  sizes  of 
coal,  and  in  improving  safety.  The  shot  flrer  by  virtue  of  his  work 
is  in  a  position  to  command  the  confidence  of  the  men,  to  detect 
improper  practices,  and  to  assist  in  establishing  safer  practices.  The 
careful  selection  of  shot  firers  has  had  much  to  do  with  the  success- 
ful use  of  permissible  explosives. 

ORDER   OF   FIRING   SHOTS. 

The  system  of  lighting  three  shots  at  a  time  in  a  room,  when  firing 
with  fuse  and  detonator,  is  somewhat  general.  This  system  tends  to 
increase  the  proportion  of  screenings  and  also  increases  the  amount 
of  explosive  necessary  and  consequently  the  explosives  cost  to  the 
miner,  for  often  the  "buster"  or  center  shot,  which  is  given  a  shorter 
fuse  and  is  fired  first,  will  break  the  coal  nearly  to  the  adjoining  rib 
shot,  leaving  only  a  relatively  small  amount  of  coal  to  be  broken 
down  by  the  previously  charged  rib  shots.  The  rib  holes  are  charged 
on  the  assumption  that  a  certain  amount  of  coal  will  be  left  standing, 
whereas  if  the  miner  could  see  the  amount  to  be  shot,  he  could  gage 
the  charge  for  the  rib  shots  more  correctly,  and  thus  save  explosive. 
Therefore  there  is  an  advantage  in  firing  the  "buster"  shot  before 
the  rib  holes  are  charged;  in  other  words,  firing  the  "buster"  one 
night  and  the  rib  shots  the  following  night,  and  this  should  be  done 
at  every  opportunity.  The  coal  from  the  "buster"  shot  need  not  all 
be  loaded  out  before  the  rib  shots  are  fired. 

As  each  two  miners  have  two  working  rooms,  also  a  crosscut 
through  the  pillar  every  60  feet,  such  practice  can  be  frequently 
followed.  Usually,  however,  in  order  to  avoid  delay  in  undercutting, 
the  face  in  one  place  is  squared  up  and  made  ready  for  the  machine 
men  before  any  coal  from  shots  in  the  adjoining  room  is  loaded  out, 
and  at  times  it  could  not  be  followed. 

At  one  mine  the  rule  is  to  charge  and  fire  not  more  than  two  shots 
in  a  room  on  any  one  night.  This  has  the  advantage  of  supplying 
ample  coal  for  a  day  or  more  and  the  charge  required  for  the  remain- 
ing rib  shot  the  following  night  can  be  accurately  judged.  In  the 
various  mines  a  depth  of  undercutting  of  6  feet  on  a  face  about  24 
feet  wide  yields  approximately  40  tons;  a  7-foot  cut  yields  50  tons. 
Each  place  is  cut  and  shot  on  an  average  not  oftener  than  twice  each 
week,  which  with  two  men  and  two  rooms  provides  160  to  200  tons 
to  load,  not  including  the  coal  from  the  intervening  crosscuts.  The 
average  daily  tonnage  °  per  miner  in  these  fields  indicates  that  such 
a  system  can  be  followed,  and  often  the  firing  of  a  single  shot  per 
night  would  be  practicable.  Table  3  gives  data  on  the  average  pro- 
duction of  coal  per  shot. 

a  Data  by  Andros  show  a  daily  output  of  7.6  tons  per  loader  for  the  sixth  mining  district.  See  Andros, 
S.  O.,  Coal  mining  in  Illinois:  Bull.  13,  Illinois  Coal-Mining  Investigations,  Cooperative  Agreement,  11)15, 
p.  148. 
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Data  from  a  typical  mine  for  the  year  1915  follow: 

Number  of  tons  produced  per  day  by  each  loader  in  an  Illinois  mine  during  1915. 

Tons. 

January 11.  48 

February H.  20 

March 11.99 

April 12.19 

May ii.  50 

June 11. 16 

July 11.63 

August (a) 

September 11.  55 

October 11.  93 

November 10.  75 

December 10.  90 

Average 11. 48 

WIDTH    OF    WORKINGS. 

The  working  dimensions  are  fairly  uniform  in  the  mines  listed,  the 
rooms  average  24  to  26  feet  wide;  the  width  of  room  necks  varies. 
Including  room  necks  and  crosscuts,  the  usual  ratio  of  wide  places  to 
narrow  work  is  about  three  to  one.  In  one  mine  coal  was  at  one  time 
being  produced  from  220  rooms  and  68  entries;  in  another  mine,  from 
186  rooms  and  50  entries,  not  including  entry  and  room  crosscuts;  in 
another,  170  rooms  and  30  entries.  In  a  number  of  the  Franklin 
County  mines  where  the  rooms  are  driven  their  full  length,  the  last 
crosscut  is  made  18  feet  wide  at  the  face,  connecting  all  rooms  and 
making  a  continuous  face,  which  gives  a  larger  proportion  of  wide 
work,  and  consequently  helps  to  increase  the  percentage  of  lump  coal. 

In  one  new  mine  in  Franklin  County,  data  on  all  development  work 
12  feet  wide  shows  an  output  of  approximately  100  tons  of  coal  per 
25-pound  box  of  explosive,  the  percentage  of  2-inch  screenings  being 
slightly  over  50  per  cent.  It  is  believed  that  when  the  mine  is  being 
operated  at  full  capacity,  the  proportion  of  screenings  will  be  de- 
creased 7  to  10  per  cent  with  a  corresponding  increase  in  the  larger 
sizes.  Data  from  one  mine  fully  developed,  in  which  257  rooms 
averaging  24  feet  wide  and  70  entries  averaging  12  feet  wide,  were 
being  worked,  show  that  94  per  cent  of  the  coal  is  from  rooms  and 
room  crosscuts,  and  6  per  cent  from  entry  and  entry  crosscuts. 

Data  given  in  previous  pages  show  that  the  cost  of  blasting  per  ton 
of  coal  in  entries  is  practically  double  that  of  wide  rooms.  Table  4 
shows  that  the  average  production  per  25-pound  box  of  explosive  is 
209  tons  in  rooms  and  104  tons  in  entries,  and  that  in  the  various 
typical  mines  the  production  per  unit  of  explosive  increases  with  the 
width  of  workings. 

a  No  data  available. 
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Coal  produced  from  pillars  or  from  areas  affected  by  squeezes  yields 
a  high  percentage  of  screenings,  but  in  the  mines  under  discussion  the 
amount  of  such  coal  is  practically  negligible  as  few  pillars  are  drawn 
and  little  coal  is  obtained  from  squeezed  areas.  The  amount  of  top 
coal  recovered  is  also  very  limited. 

The  relative  proportions  of  different  sizes  of  coal,  which  are  affected 
to  more  or  less  extent  by  these  various  factors,  are  also  influenced  by 
breakage  resulting  from  the  handling  underground,  and  in  the  various 
methods  of  preparation.  Holbrook's  report  a  on  the  preparation  of 
coal  at  Illinois  mines  contains  interesting  data  on  this  subject. 

In  the  foregoing,  recognition  of  the  many  obstacles  that  the  miner 
and  management  meet  and  the  difficulty  in  overcoming  them  have 
not  been  lost  sight  of,  but  the  fact  remains  that  some  of  these  are 
inherent  to  mining.  Each  division  of  underground  work  bears  a  rela- 
tion to  every  other  division,  and  all  should  move  in  harmony  toward 
the  objectives — greater  safety,  less  explosive  per  ton  of  coal  pro- 
duced, and  larger  sizes  of  coal. 

ADVANTAGES  OF  PERMISSIBLE  EXPLOSIVES. 

Rutledge  and  Hall b  mention  the  advantages  of  permissible  explo- 
sives over  black  blasting  powder,  as  found  in  practice  throughout  the 
various  mining  districts  as — lessened  risk  of  fire,  making  fire  runners 
unnecessary,  less  damage  to  roof,  cleaner  ribs,  fewer  blown-out  shots, 
less  scattering  of  coal,  fewer  air  blasts  (shocks  to  the  mine  air),  and 
windy  shots,  permissible  explosives  better  adapted  for  use  in  wet 
holes,  absence  of  smoke,  pleasanter  and  safer  mining. 

These  advantages  have  been  clearly  shown  in  Illinois  mining  prac- 
tice and  are  discussed  relative  to  the  following:  Fires  and  explosions, 
blown-out  and  windy  shots;  effects  on  roof,  accidents,  effect  on  gen- 
eral mine  efficiency. 

MINE  FIRES  AND  EXPLOSIONS. 

The  occurrence  of  fires  and  explosions  from  the  use  of  black  blasting 
powder  has  been  pointed  out  in  preceding  pages.  No  data  have  been 
kept  of  costs  of  the  various  fires,  but  even  should  no  widespread 
disaster  occur  through  them,  yet  the  frequent  occurrence  even  of 
small  fires  is  a  source  of  great  anxiety  and  expense.  When  a  fire  is 
discovered  in  its  early  stages  it  is  easily  smothered,  but  often  it  may 
smolder  in  newly  shot  coal  and  the  fire  runner  may  pass  by  without 
detecting  it.  If  the  fire  is  under  headway  it  is  often  necessary  to 
seal  off  a  considerable  area  of  the  mine,  which  results  in  loss  of  wages 

<*  Holbrook,  E.  A.,  The  dry  preparation  of  bituminous  coal  at  Illinois  mines:  Bull.  88,  Eng.  Exp.  Station, 
University  of  Illinois,  1915,  p.  133. 

b  Rutledge,  J.  J.,  and  Hall,  Clarence,  The  use  of  permissible  explosives:  Bull.  10,  Bureau  of  Mines,  1912, 
pp.  20-25. 
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and  output,  and  in  addition  to  this  entails  the  cost  of  sealing,  open- 
ing, and  cleaning  up  several  hundred  feet  of  entry,  and  the  dangers 
attending  this  work.  Especially  in  mines  having  a  high  volatile  coal, 
bad  roof,  and  generating  explosive  gases,  the  problems  created  are 
expensive  and  serious.  The  subsequent  bad  roof  conditions  are  an 
additional  source  of  expense  and  danger.  Plate  VIII,  B,  shows  the 
after  effects  on  the  roof  of  a  fire  from  a  black  powder  shot  in  a  mine 
working  No.  5  coal.  Practically  all  of  the  mines  in  which  permissible 
explosives  are  now  used  and  which  formerly  used  black  blasting 
powder  have  had  trouble  and  expense  from  fires.  At  one  mine  20 
fires  occurred,  each  of  which  cost  $100  to  $500  to  combat;  at  another 
mine  12  to  15  fires  occurred,  which  stopped  mining  one  to  three  days 
and  cost  $50  to  $300  each  to  fight.  These  figures  do  not  include  losses 
in  wages  and  output.  At  another  mine  several  large  fires  have  oc- 
curred. On  one  occasion  both  shafts  had  to  be  sealed  for  a  period 
of  nearly  seven  weeks.  Within  two  months  another  fire  started 
which  required  the  erecting  of  five  stoppings  and  the  sealing  off  of 
80  working  places,  with  all  miners'  tools  and  one  mining  machine. 
The  cost  of  sealing  off  this  fire  was  $1,100,  to  which  must  be  added  the 
subsequent  and  indirect  costs.  A  tabulation  of  the  costs  of  fires  in 
the  various  mines  would  form  an  item  possibly  aggregating,  in  pro- 
portion to  the  value  of  the  property  involved,  the  cost  of  fires  in 
some  of  our  larger  cities. 

The  necessity  of  providing  fire  runners  in  the  various  sections  where 
black  blasting  powder  was  used  created  a  daily  expense  item  of  con- 
siderable amount. 

In  so  far  as  the  elimination  of  fires  and  explosions  is  concerned,  it 
can  be  stated  that  the  use  of  permissible  explosives  has  effectively 
met  the  situation  in  the  districts  where  used. 

It  is  true  that  small  fires  have  sometimes  resulted  from  the  use  of 
permissible  explosives,  but  these  have  been  caused  chiefly  by  the  im- 
proper use  of  such  explosives,  from  a  number  of  causes,  as  follows: 
(1)  Using  more  than  the  limit  charge  of  1J  pounds  of  explosive  (any 
explosive  when  used  in  excess  becomes  more  dangerous) ;  (2)  using 
insufficient  stemming  or  no  stemming,  especially  in  the  presence  of 
gas  feeders;  (3)  the  use  of  damp  explosives  or  weak  detonators,  either 
of  which  may  cause  the  explosive  to  burn  instead  of  detonate  or  may 
cause  a  detonation  of  a  low  order  which  would  destroy  the  main 
feature  that  makes  an  explosive  permissible;  (4)  the  use  of  explosive 
which  has  changed  in  composition  through  age  or  in  which  the  nitro- 
glycerin has  segregated  through  long  or  improper  storage  so  as  prac- 
tically to  change  its  composition;  (5)  the  use  of  two  kinds  of  explo- 
sive in  one  drill  hole;  and  (6)  the  use  of  damaged  fuse,  the  "side 
spitting  "  of  which  may  ignite  a  gas  feeder  or  else  ignite  the  explosive, 
causing  an  initial  burning. 
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In  nearly  every  instance  in  which  fires  from  explosive  have  been 
reported  in  Illinois  mines  using  permissible  explosives,  evidence  was 
at  hand  to  point  to  one  of  the  above  causes.  At  one  mine  a  small 
fire  followed  a  "  tight "  shot  on  the  rib.  The  miner  had  kept  his  box 
of  detonators  buried  under  several  inches  of  dirt  and  the  detonators 
had  become  moist.  The  charge  was  undoubtedly  incompletely  det- 
onated and  burned  in  the  drill  hole.  At  another  mine  the  use  of  old 
explosive  caused  a  fire;  at  another  three  fires  from  one  of  the  per- 
missible explosives  first  placed  on  the  market  occurred  during  the 
first  few  months  that  permissible  explosive  was  used,  but  the  cause 
is  not  known.  In  two  other  instances,  fires  were  reported,  due  in 
one  instance)  it  was  thought,  to  the  fuse  "side  spitting"  and  in  the 
other  to  the  explosive  burning.  Only  few  fires  were  reported  during 
the  past  year  in  the  Illinois  mines  using  permissible  explosives, 
although  approximately  800,000  shots  were  fired.  No  explosions 
have  occurred  in  several  millions  of  shots. 

The  importance  of  care  in  the  use  and  storage  of  explosives  applies 
directly  to  the  prevention  of  fires.  In  one  mine  in  which  during  1916 
two  fires  occurred  from  shots  of  permissible  explosive  an  investigation 
was  made  and  it  was  found  that  in  the  storage  of  explosives  in  the 
magazine  a  fresh  shipment  had  been  stored  on  top  of  much  older 
explosives,  resulting  in  some  of  the  explosives  being  much  too  old  for 
safety  or  efficiency  when  finally  used.  When  a  new  consignment  of 
explosives  is  received,  it  should  be  stored  in  the  magazine  in  such  a 
way  that  the  oldest  explosives  can  be  issued  first.  An  instance  is 
reported  of  a  carload  of  explosive  being  kept  on  hand  for  over  a  year 
and  only  four  boxes  were  discarded,  the  remainder  being  used  after 
this  time;  this,  however,  is  an  exception  and  it  is  generally  believed 
that  explosive  over  six  months  in  age  should  not  be  used.  If  a  car- 
load can  not  be  used  in  this  time,  the  explosive  should  be  purchased 
in  smaller  quantities. 

Some  of  the  causes  of  fires  as  given  above  refer  to  the  use  of  old 
or  deteriorated  explosives — explosives  that  would  fail  to  pass  the 
tests  for  permissibility.  In  others  it  is  assumed  that  the  explosive 
used  is  in  all  respects  similar  to  the  sample  that  passed  the  required 
tests  at  the  Pittsburgh  testing  station  of  the  Bureau  of  Mines — 
that  is,  it  is  a  standardized  permissible  explosive.  During  the  winter 
of  1916-17,  at  one  mine  there  was  trouble  from  a  certain  explosive 
that  burned  in  the  drill  hole.  A  number  of  small  fires  resulted  and 
one  fire  which  got  beyond  control  had  to  be  sealed.  As  the  cause 
was  not*  apparent  and  the  fires  were  confined  to  a  particular  mine, 
the  manufacturer  was  asked  to  investigate  the  matter.  Later  the 
trouble  was  overcome.  This  experience  again  demonstrates  the 
readiness  with  which  the  coal  face  in  the  mines  in  southern  Illinois 
ignites  and  the  desirability  of  using  short-flame  explosives  only  in 
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these  mines;  also,  that  in  combating  the  fire  hazard,  the  cooperation 
of  all  parties  concerned  is  necessary. 

Two  field  samples  of  the  explosives  sent  from  Illinois  mines  to  the 
Pittsburgh  testing  station  at  various  times  exceeded  the  allowable 
tolerance,  and  the  particular  lots  of  explosives  represented  by  such 
samples  were  therefore  declared  nonpermissible. 

BLOWN-OUT  AND  WINDY  SHOTS. 

The  characteristic  action  of  permissible,  explosives  helps  to  prevent 
blown-out  and  windy  shots  such  as  occur  with  black  blasting  powder. 
The  explosive  expends  its  energy  on  the  coal  and  tends  to  crater  or 
enlarge  the  hole  rather  than  to  blow  out  of  the  hole.  Overcharges 
will  not  give  windy  shots  with  accompanying  blowing  out  of  props 
and  brattices  and  derangement  of  ventilation,  as  would  a  correspond- 
ing overcharge  of  black  blasting  powder.  The  feeling  of  relative 
safety  among  shot  firers  in  mines  using  permissible  explosives  some- 
times tends  toward  a  disregard  of  necessary  precautions.  Care 
should  be  exercised,  and  the  explosive  should  always  be  in  good  con- 
dition, properly  tamped,  and  fired  with  full  strength  detonators. 

EFFECTS  ON  ROOF. 

In  comparing  black  blasting  powder  and  permissible  explosives 
as  to  their  relative  effects  on  the  stratum  that  forms  the  immediate 
roof,  some  difference  of  opinion  may  exist.  All  mining  men  agree 
that  any  explosive  may  injure  the  roof.  In  Franklin  County  from 
10  to  40  inches,  usually  about  24  inches,  of  top  coal  is  left  for  roof 
to  hold  the  shale  which  falls  when  exposed.  The  poor  roof  conditions 
typical  of  the  No.  6  coal  after  the  overlying  shale  becomes  broken  are 
illustrated  in  Plate  I  (p.  6).  The  effect  of  the  explosive  on  the  roof 
is  therefore  of  considerable  importance,  as  often  bad  roof  conditions 
are  a  serious  hindrance  to  mining. 

Black  blasting  powder,  like  other  explosives,  exerts  force  in  every 
direction,  but  as  it  acts  slowly  its  gases  can  work  upward  through 
cracks  and  crevices.  As  the  natural  roof  is  harder  than  the  coal,  this 
effect  is  not  readily  observed.  In  some  of  the  Franklin  County  mines 
soft  friable  shale  containing  many  parting  or  bedding  planes  and  crev- 
ices overlies  the  coal.  The  slowly  generated  gases  from  black  blasting 
powder  work  up  into  these  planes  or  if,  in  the  case  of  "frozen"  or 
sticking  coal  it  is  necessary  to  place  the  shot  close  to  the  roof,  the 
powder  gases  "burn"  through  these  crevices.  When  this  occurs, 
in  many  cases  the  roof  may  apparently  be  in  good  condition  after  the 
shot  and  may  stand  for  two  or  three  months,  and  then  break  down 
from  the  combined  action  of  air  and  moisture  in  the  cracks  enlarged 
and  weakened  by  the  shot  of  black  powder. 
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The  gases  generated  from  explosives  of  the  permissible  types  do  not 
"work  ahead"  like  black  blasting  powder,  also  do  not  work  up  into 
and  weaken  the  roof.  The  gases  are  generated  so  suddenly  and  the 
energy  is  so  quickly  dissipated  that  the  coal  breaks  much  more 
quickly  and  the  liberated  gases  can  not  work  into  these  crevices, 
make  new  crevices,  or  enlarge  the  old  ones.  This  feature  of  these 
explosives  assists  in  making  them  "permissible." 

In  the  No.  6  seam  there  are  a  number  of  partings  in  the  friable  top 
coal,  and  often  when  black  blasting  powder  was  used  the  gases  did 
not  follow  the  regular  parting  planes  but  worked  far  up  into  the  top 
coal.  This  condition  can  be  traced  in  a  number  of  mines  in  the 
Franklin  County  field,  where  black  blasting  powder  was  formerly  in 
use;  in  faot,  the  places  along  the  entries  can  be  noted  where  the 
change  from  black  blasting  powder  to  permissible  explosives  was 
made.  The  flame  of  black  blasting  powder  would  spread  out  from 
the.  end  of  the  drill  hole  and  follow  along  the  different  partings, 
especially  when  the  hole  sloped  upward  too  much.  The  character- 
istic action  of  permissible  explosives  is  noted  when  the  hole  projects 
upward  into  the  plane  beyond  that  intended;  in  this  event  "holing 
out"  results — which,  however,  is  of  limited  extent.  Miners  often  drill 
upward,  or  into  the  ribs,  more  than  is  desirable  for  the  purpose  of 
gaining  a  greater  production  per  unit  of  explosive,  and  this  tendency 
has  to  be  guarded  against  on  account  of  the  greater  amount  of  timber 
necessary.  The  character  of  the  roof  of  the  No.  6  coal  and  a  method 
of  timbering  an  entry  are  shown  in  Plate  I  (p.  6),  which  illustrates 
a  problem  met  in  all  these  mines. 

Experience  in  Franklin  County  and  other  mining  districts  shows 
that  permissible  explosives  are  much  easier  on  the  roof  than  black 
blasting  powder.  In  a  Pennsylvania  mine,  in  a  powder  test,  a  series 
of  about  100  shots  was  fired  with  black  blasting  powder,  and  then  a 
series  with  a  permissible  explosive.  There  was  a  "draw  slate" 
about  9  inches  thick  above  the  coal,  which  was  mined  with  the  coal, 
and  the  holes  were  drilled  so  that  the  point  of  the  hole  came  close  to 
the  parting  between  the  coal  and  this  "slate."  The  conditions  as 
to  the  placing  of  holes  were  observed  for  each  shot,  and  all  holes  were 
charged  under  the  supervision  of  a  committee  of  miners  and  opera- 
tors. It  was  found  that  in  almost  all  cases  black  blasting  powder 
caused  the ' '  slate  "  to  fall  with  the  coal,  or  shortly  thereafter,  whereas 
when  the  coal  was  shot  with  the  permissible  explosive  the  "slate" 
invariably  had  to  be  shot  separately.  This  extra  blasting  may  have 
increased  the  cost  slightly  in  this  particular  mine,  but  it  shows  that 
the  use  of  permissible  explosives  undoubtedly  tends  to  be  easier  on 
the  roof,  and  thus  lessen  the  danger  of  roof  falls. 

In  the  majority  of  mines  where  permissible  explosives  are  used  it 
is  the  opinion  that  they  are  much  easier  on  the  roof.     In  one  mine 
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where  poor  roof  is  encountered,  permissible  explosives  are  giving 
much  better  results  than  were  previously  obtained  from  black  blast- 
ing powder.  In  another  mine  the  only  instances  in  which  results 
were  unsatisfactory  were  in  some  entries  where  the  dip  of  the  bed 
changed  and  the  entrymen  drilled  up  into  the  roof  before  they  were 
aware  of  the  situation,  resulting  in  a  poor  roof  for  some  distance. 
At  another  mine,  where  the  parting  planes  are  not  always  pronounced, 
holes  are  often  drilled  across  these  planes,  but  the  roof  is  not  seri- 
ously broken;  a  small  cavity  may  result,  but  not  enough  to  require 
extra  timbering.  At  still  another  mine,  where  permissible  explosives 
are  used,  it  was  thought  at  first  that  the  explosive  was  damaging  the 
roof,  but  further  observation  showed  that  this  was  due  to  local  con- 
ditions; and  further  on,  where  conditions  became  normal,  these 
effects  disappeared.  Exceptionally  good  roof  conditions  were  noted 
throughout  one  mine  where  permissible  explosives  have  been  used 
exclusively.  In  this  mine  the  props  were  recovered  from  practi- 
cally all  of  the  rooms  of  one  pair  of  panels  that  had  been  driven  up 
to  the  boundary,  and  the  roof  held  well  without  a  break  for  some  time. 
In  some  places  the  roof  of  a  whole  room,  with  an  area  of  24  by  250 
feet,  held  for  weeks  after  all  the  timbering  had  been  removed.  This  is 
rather  unusual  for  the  roof  of  No.  6  coal.  The  superintendent  at 
this  mine  estimates  that  the  use  of  permissible  explosives  has  saved 
his  company  many  thousands  of  dollars  in  timbering. 

In  the  No.  5  seam  no  top  coal  is  left,  and  the  coal  is  shot  free  from 
the  roof,  as  has  been  previously  stated.  In  one  particular  mine  the 
roof  is  of  light-colored  shale,  which  gives  a  free  parting  and  conse- 
quently a  higher  production  of  coal  per  unit  of  explosive.  At  three 
other  mines  no  damage  to  the  roof  from  permissible  explosives  has 
been  noted.  In  only  one  mine  of  the  entire  district  was  it  believed 
that  permissible  explosives  had  a  more  damaging  effect  upon  the 
roof  than  black  blasting  powder,  and  it  was  thought  that  the  miners 
could  overcome  this  by  properly  placing  and  loading  the  holes. 

FEWER  ACCIDENTS  FROM  PERMISSIBLE  EXPLOSIVES. 

Permissible  explosives  are  not  easily  ignited  by  a  spark  from  a  lamp, 
a  fractional  spark,  or  a  flame  from  burning  gas,  and  are  not  exploded 
by  an  electric  current  unless  detonators  are  present,  and  hence  there 
is  less  possibility  of  accident  than  when  black  blasting  powder  is  used. 
Illinois  mining  history  has  recorded  numerous  instances  of  fatal  and 
nonfatal  accidents  from  the  use,  misuse,  and  transportation  of  black 
blasting  powder,  but  in  spite  of  the  fact  that  only  a  small  percentage 
of  the  miners  were  at  all  familiar  with  permissible  explosives  at  the 
time  of  their  introduction,  the  accident  record  is  singularly  free  from 
accidents  due  to  the  use  or  handling  of  permissible  explosives. 
Franklin  County  records  show  only  two  fatal  accidents  charged  to 
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permissible  explosives,  one  of  which  is  said  to  have  resulted  from  a 
miner  prying  with  the  point  of  his  lamp  hook  into  a  detonator  that 
had  misfired.  His  act  is  supposed  to  have  exploded  the  fulminate  in 
the  detonator,  which  in  turn  exploded  some  near-by  detonators  and  a 
25-pound  case  of  a  permissible  explosive. 

Defective  squibs,  powder  ignited  by  burning  gas,  by  a  spark  from  a 
lamp,  spark  from  smoking  tobacco,  by  a  spark  in  drilling  out  a  missed 
shot,  by  a  spark  from  a  pick  in  opening  a  powder  keg,  or  by  an  electric 
current  or  arc,  all  took  their  toll  in  lives.  With  permissible  explosives 
practically  all  these  dangers  are  removed,  provided  reasonable  care  is 
exercised  in  handling  the  sensitive  detonator. 

It  has  been  frequently  noted  that  the  heat  of  an  explosion  of  gas 
or  dust  readily  sets  off  black  blasting  powder,  which  may  increase 
the  force  of  an  explosion  and  at  times  renews  one  that  has  practically 
died  out.  During  the  fiscal  year  ended  June  30,  1915,  two  explosions 
in  Illinois  mines  were  reported  to  have  been  started  by  the  ignition 
of  bodies  of  gas,  black  blasting  powder  being  used  in  one  of  these  mines 
and  permissible  explosives  in  the  other.  These  accidents  afford  a 
comparison  of  the  effects  on  the  different  explosives  when  exposed  to 
the  heat  and  violence  of  an  explosion.  In  one  of  them  numerous 
kegs  of  black  blasting  powder  were  exploded  by  the  heat.  These  had 
been  delivered  the  night  previous  and  were  full,  unopened  kegs,  as 
shown  by  the  unopened  bungs,  ignition  having  been  caused  by  exter- 
nal heat.  In  the  other,  several  boxes  of  permissible  explosives  had 
been  thrown  against  the  ribs  and  broken  open  and  the  contents 
scattered  along  the  entry  without  the  explosive  being  ignited  or 
detonated.  Evidences  of  extreme  heat  after  both  explosions  were 
the  remains  of  rolls  of  charred  fuse,  burnt  clothing,  paper,  and 
coked  dust.  Furthermore,  should  any  permissible  explosive  be  set 
off  under  such  conditions,  on  account  of  the  factor  of  safety  winch  its 
relatively  short  flame  provides,  there  is  much  less  likelihood  of  its 
contributing  to  the  loss  of  life  and  property  than  of  such  loss  being 
caused  by  black  blasting  powder.  Detonators,  however,  are  very 
sensitive  to  blows  and  they  should  be  stored  at  a  safe  distance  from 
the  explosive.     The  fewer  kept  in  the  mine  by  the  miner  the  better. 

In  the  mines  using  permissible  explosives,  shots  that  have  mis- 
fired are  occasionally  drilled  out.  No  accidents  have  as  yet  been 
reported,  but  such  practice  is  extremely  dangerous.  The  best  prac- 
tice is  to  tamp  the  "missed"  hole  to  its  mouth  and  to  drill  and  load 
a  new  hole  at  least  a  foot  from  the  old  one.  In  one  instance  noted 
the  miner  drilled  a  new  hole  because  of  a  misfire,  and  after  shoot- 
ing the  new  hole  found  that  the  explosive  from  the  first  hole  had  not 
been  detonated. 

Additional  evidence  of  the  dangers  of  using  black  blasting  powder 
was  furnished  by  an  accident  in  August,  1915,  in  a  mine  in  southern 
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Illinois  iii  which  the  miners  tamped  their  own  shots,  and  firing  was 
done  by  shot  firers.  One  miner,  contrary  to  rules,  approached  the 
drill  hole  with  his  carbide  light  on  his  head,  and  as  he  pushed  the 
cartridge  of  black  blasting  powder  into  the  hole  a  quantity  of  gas  was 
forced  out  and  ignited  by  flame  from  his  carbide  lamp.  As  the  miner 
ran  down  the  entry  the  powder  ignited  and,  exploding  in  the  drill  hole, 
gave  rise  to  a  "windy"  shot  which  might  have  resulted  disastrously. 

EFFECT  ON  GENERAL  MINE  EFFICIENCY. 

Under  general  mine  efficiency  may  be  included  other  advantages 
tending  to  make  the  use  of  permissible  explosives  satisfactory  in 
these  fields. 

Fire  runners  are  now  unnecessary  in  these  mines,  whereas  they  were 
previously  required  when  black  blasting  powder  was  used. 

Permissible  explosives  withstand  moisture  better  than  black  blast- 
ing powder  and  the  explosives  of  the  nitroglycerin  class,  especially, 
can  be  used  in  wet  holes  if  the  detonator  is  properly  arranged. 

There  is  less  work  in  making  up  the  charge  with  a  permissible 
explosive  and  less  danger.  Cartridges  are  uniform  in  size  and  weight 
and  the  charge  can  be  accurately  gaged.  This  is  important  in  under- 
cut coal  where  equal  charges  of  explosive  are  used  daily. 

A  given  quantity  of  a  permissible  explosive  can  do  more  work  than 
a  similar  quantity  of  black  blasting  powder;  hence  fewer  holes  need 
be  drilled  and  charged  to  shoot  down  the  same  amount  of  coal. 

The  quantities  of  smoke  and  noxious  gases  given  off  by  permissible 
explosives  are  relatively  small  as  compared  with  black  blasting  pow- 
der, and  this,  with  the  smaller  quantity  of  explosive  used  per  shot, 
is  an  immense  advantage  as  regards  the  effect  on  the  miner's  health. 
No  permissible  explosive  produces  more  than  158  liters  (5.5  cubic 
feet)  of  poisonous  gases  per  1J  pounds  of  explosive  and  most  of  them 
produce  less  than  120  liters  (4.1  cubic  feet).  This  excellent  feature 
is  overlooked  to  a  great  extent  because  all  of  the  men  except  the 
shot  firers  are  out  of  the  mine  at  the  time  of  firing,  but  is  of  addi- 
tional advantage  to  the  shot  firers,  as  they  can  travel  with  greater 
safety.  Shot  firers  are  protected  in  their  work  and  find  the  explosion 
hazard  greatly  decreased. 

SUMMARY  AND  CONCLUSIONS. 

The  advantages  of  permissible  explosives  emphasize  the  important 
bearing  that  these  explosives  have  on  the  prevention  of  accidents 
and  property  loss.  Their  introduction  into  Illinois  mines  was  diffi- 
cult, but,  after  a  thorough  trial,  they  have  been  accepted  as  the 
explosives  most  suitable  for  conditions  in  the  respective  mines  in 
which  they  are  now  used.  In  making  a  change  from  one  mine  to 
another  or  from  one  grade  of  powder  to  another  the  miner  must 
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necessarily  familiarize  himself  with  the  new  conditions  in  order  to 
do  efficient  work.  This  applies  directly  to  a  change  from  black 
blasting  powder  to  permissible  explosives.  With  a  better  knowledge 
of  the  nature  and  merits  of  the  permissible  explosives,  their  users  give 
many  testimonials  as  to  the  advantage  gained,  a  condition  most 
pleasing  to  the  advocates  of  greater  safety.  The  consensus  of  opin- 
ion among  mining  men  in  these  districts  is  that  where  the  coal  is 
undercut  and  snubbed,  permissible  explosives  can  be  successfully  used, 
with  little,  if  any,  increase  in  the  production  of  slack. 

The  cost  of  explosive  per  ton  of  coal  produced  in  these  mines  has 
been  lowered,  owing  to  the  fact  that  less  explosive  is  required  to 
perform  the  same  work  than  when  black  blasting  powder  was  used, 
the  sizes  of  coal  compare  favorably,  and  miners  accustomed  to  the  use 
of  permissible  explosives  get  as  good  results  as  they  did  with  black 
blasting  powder. 

Results  are  more  favorable  than  was  anticipated  by  the  early  users 
of  permissible  explosives.  It  was  thought  there  would  be  a  large 
difference  in  the  sizes  of  coal  produced  and  in  the  cost  of  explosives  per 
ton  of  coal,  as  compared  with  black  powder.  In  mines  where  the 
value  of  the  coal  produced  has  been  affected  by  an  increase  of  2  to  5 
per  cent  in  the  production  of  screenings,  it  is  felt  that  this  is  com- 
pensated by  the  increased  safety  through  the  elimination  of  fires  and 
explosions,  saving  in  wages  of  fire  runners,  fewer  accidents  in  handling 
explosives,  and  the  feeling  of  security  which  the  use  of  permissible 
explosives  gives;  these  considerations  also  offset  the  loss  of  the 
profit  the  operator  previously  gained  by  handling  black  blasting 
powder.  In  other  mines  no  material  loss  has  been  sustained,  whereas 
in  certain  mines  it  is  believed  that  the  less  injurious  effect  of 
permissible  explosives  upon  the  roof  more  than  balances  any  slight 
difference  in  sizes  of  coal  produced. 

The  success  of  permissible  explosives  in  Illinois  mines  shows  that 
they  have  satisfied  one  of  the  great  needs  of  the  coal-mining  industry. 
Their  increased  use  throughout  the  United  States  has  overcome  many 
of  the  dangers  which  attended  the  use  of  black  blasting  powder. 
Their  use  ought  to  be  extended  so  that  the  occurrence  of  mine  fires, 
explosions,  and  accidents  due  to  explosives  will  be  reduced  to  a 
minimum.  Permissible  explosives  stand  for  protection  to  life  and 
property.  Their  use  is  no  longer  an  experiment,  but  forms  the  basis 
for  an  effective  and  continuous  campaign  in  accident  prevention. 
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JOINT  POWDER  COMMISSION. 

PROCEDURE    IN   TESTS    WHEN   MAKING    CHANGE   OF   POWDER. 

For  the  settlement  of  all  powder  questions  that  arise  a  joint 
powder  commission  is  provided  in  the  agreement  between  the 
operators  and  the  miners.  The  procedure  in  all  tests  where  a  change 
of  powder  is  desired  is  stated  in  the  eighth  clause  of  the  agreement, 
as  follows : a 

The  price  for  powder  per  keg  shall  be  $1.75,  the  same  to  be  delivered  at  the  face 
when  so  requested.  The  miners  shall  purchase  their  powder  from  the  operators, 
provided  it  is  furnished  of  standard  grade  and  quality;  and  provided  further,  that 
other  permissible  explosives  may  be  used  when  necessary  for  the  safety  of  life  and 
property.  The  permissible  explosives  shall  be  furnished  at  the  same  relative 
cost  as  black  powder,  the  interest  of  operator  and  miner  alike  considered.  In 
determining  the  powder  for  a  mine,  it  shall  be  the  purpose  to  "elect  powder  which 
shall  give  the  best  results  to  the  miner  and  operator  alike.  A  majority  of  the  miners 
on  the  pay  roll  at  any  mine  may  file  with  the  operator  a  written  complaint  against 
the  powder  being  furnished  by  the  operator.  Such  complaint  must  explicitly 
state  the  objections  to  the  powder  and  must  be  signed  by  a  majority  of  the  miners. 
The  operator  may  also  file  with  the  pit  committee  written  notice  of  his  desire  to 
change  the  powder  being  furnished,  stating  his  reasons  therefor.  Upon  the  filing 
of  either  complaint  or  notice  as  above  stated,  a  test  shall  be  arranged  for  as  soon  as 
possible,  and  such  test  shall  be  conducted  under  written  regulations  hereinafter 
provided  for  or  the  regulations  may  be  prescribed  by  the  joint  powder  commission 
hereinafter  provided  for.  A  joint  State  powder  commission,  who  shall  serve  during 
the  life  of  this  agreement,  shall  be  constituted,  consisting  of  six  members,  three  of 
whom  shall  be  appointed  by  each  executive  board,  respectively,  of  whom  not 
less  than  one  on  each  side,  shall  possess  technical  knowledge  and  all  of  whom 
shall  possess  either  technical  or  practical  knowledge  of  the  use  of  powder  in 
producing  coal.  Said  commission  shall  have  full  control  of  all  powder  tests  not 
settled  locally,  as  herein  provided.  The  commission  shall  be  empowered  to  investi- 
gate the  various  phases  of  the  powder  question  and  may  negotiate  with  powder 
companies  for  the  establishment  of  standard  sizes  of  powder  and  the  proper  branding 
thereof.  It  shall  be  the  duty  of  the  commission  to  eliminate  entirely  from  cases  of 
powder  disputes  the  participation,  openly  or  otherwise,  of  representatives  of  powder 
companies  and  shall  by  a7l  lawful  and  proper  means  seek  to  secure  for  both  operators 
and  miners  uniform  deliveries  of  such  powder  as  is  selected  as  the  most  suitable  in 
any  given  case. 

In  case  of  a  powder  dispute  arising  at  any  mine  as  to  kind  of  powder  to  be  furnished 
under  the  provisions  of  this  agreement,  the  dispute  shall  be  first  taken  up  locally 
by  the  interested  parties  and  a  local  test  made  in  order  to  determine  whether  the 

a  Agreement  by  and  between  the  Illinois  Coal  Operators'  Association,  the  Coal  Operators' Association 
of  the  Fifth  and  Ninth  Districts  of  Illinois,  and  the  Central  Illinois  Coal  Operators'  Association  and  the 
United  Mine  Workers  of  America,  District  No.  12,  clause  8;  continued  in  force  April  1, 1916. 
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powder  used  or  desired  by  either  operator  or  miners  is  best  suited  or  adapted  for 
the  use  of  the  mine  where  the  dispute  arises.  The  local  test  shall  be  made  in  accord- 
ance with  the  following  rules  and  regulations  as  nearly  as  possible  and  shall  cover  a 
sufficient  time  and  tonnage  to  give  the  different  powders  tested  a  fair  chance  to 
determine  their  respective  value:  The  powder  to  be  tested  shall  be  agreed  upon 
by  both  parties  to  the  controversy  as' being  in  the  judgment  of  each  best  suited  for 
use  in  the  mine  where  the  dispute  arises,  the  interests  of  operator  and  miner  alike 
considered.  The  kind  of  powder  giving  the  best  results  in  the  opinion  of  the 
parties  making  the  test  shall  be  the  powder  used  in  the  mine  during  the  life  of  the 
contract  unless  otherwise  directed  by  law  or  unless  a  radical  change  occurs  in  the 
character  or  condition  of  the  coal  seam  or  that  a  change  of  powder  is  mutually 
agreeable  to  both  parties. 

In  the  conducting  of  any  local  tests  the  following  rules  shall  be  observed  and 
enforced,  to  wit: 

1.  Six  members  shall  constitute  the  committee  or  commission  for  making  any  local 
tests,  unless  otherwise  specifically  agreed  to  by  both  operator  and  the  miners;  said 
committee  or  commission  to  be  composed  of  three  miners  selected  and  authorized  to 
represent  the  local  and  three  men  to  likewise  represent  the  operator.  In  case  of 
additional  members  participating  in  any  local  test  each  side  shall  have  equal  repre- 
sentation. 

2.  The  drilbng  of  all  holes  shall  be  under  the  direct  supervision  of  one  miner  and 
one  operator,  member  of  the  committee  or  commission,  during  the  conducting  of  any 
test. 

3.  One  miner  and  one  operator,  members  of  this  committee  or  commission,  shall 
prepare  all  cartridges  and  keep  a  record  of  the  measurements  and  weights  of  same,  the 
results  of  the  shots  to  be  figured  by  weights  of  the  powder  used  and  the  condition  of 
the  coal  after  being  shot  as  a  basis. 

4.  In  no  case  shall  the  members  of  the  committee  or  commission  who  drill  or  super- 
vise the  drilling  of  the  holes  have  any  knowledge  of  the  powder  to  be  used,  or  that  has 
been  used  until  after  the  shots  have  been  exploded. 

5.  The  members  of  the  committee  or  commission  shall  tamp  and  fire  or  have  direct 
supervision  of  the  tamping  and  firing  of  all  shots  during  any  test. 

6.  A  record  shall  be  kept,  giving  the  measurements  of  the  face,  the  number  of  shots 
fired,  the  amount  and  the  kind  of  powder  used,  together  with  the  comparative  condi- 
tion of  the  place  and  shots. 

7.  The  holes  drilled  shall  be  measured  and  inspected,  when  possible,  by  all  mem- 
bers of  the  committee  or  commission  and  shall  be  placed  as  nearly  as  possible  in  the 
same  direction  and  depth  in  order  to  insure  as  nearly  as  possible  similar  conditions 
and  chances  for  the  different  grains  or  brands  of  powder  to  be  tested. 

8.  In  judging  the  results  obtained  from  any  test  the  interests  of  the  miner  and 
operator  alike  shall  be  considered,  and  if  required  by  either  party,  a  record  of  the  tons 
of  coal  produced  and  the  quaUty  of  same  shall  be  kept. 

9.  The  committee  or  commission  shall  have  the  right  to  require  the  sealing  of  any 
or  all  full  or  part  kegs  of  powder  in  the  mines  during  the  conducting  of  any  test  and  may 
adopt  any  other  rule  or  method  to  insure  that  no  other  powder  than  the  powder  used 
by  the  committee  or  commission  will  count  or  figure  in  the  results  obtained  by  any 
test  made  by  them. 

10.  The  committee  or  commission  shall  eliminate  entirely  the  participation,  openly 
or  otherwise,  of  men  directly  or  indirectly  representatives  of  any  powder  or  powder 
company.  In  the  event  of  a  powder  dispute  arising,  and  the  failure  of  either  side  to 
appoint  its  members  of  the  committee  or  commission  herein  provided  for  -within  seven 
days  after  the  complaint  is  filed,  the  State  president  of  the  organization  failing  to 
appoint  its  members  locally  shall  make  the  appointment  thereof  promptly  and  the 
committee  or  commission  so  appointed  shall  proceed  with  the  test  as  herein  provided. 
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In  case  the  committee  or  commission  fails  to  agree  after  a  test  has  been  made  locally, 
as  herein  provided,  the  said  joint  powder  commission  shall  assume  jurisdiction,  and 
the  whole  data  and  records  of  the  test  shall  be  submitted  to  and  be  reviewed  by  it, 
and  if  all  the  conditions  as  above  have  been  observed  in  conducting  the  test  it  shall 
take  the  matter  up  for  final  decision  with  power  to  make  any  further  test  it  may  deem 
necessary.  It  is  understood  and  agreed  that  all  the  requirements  of  a  local  test  as 
above  must  be  complied  with  before  the  case  can  properly  come  before  the  joint 
powder  commission. 

Said  commission  may  investigate  shot  firing  devices,  the  merits  of  explosives  other 
than  powder,  and  the  use  of  other  mechanical  agents  than  explosives  for  the  produc- 
tion of  coal,  and  make  recommendations  to  the  two  organizations  concerning  the  same. 

It  is  understood  that  the  question  of  package  or  kegs  in  which  the  powder  is  shipped 
be  considered  in  the  same  way  as  the  powder  itself.  That  the  joint  powder  commission 
will  have  access  to  the  powder  magazines  at  all  times  where  disputes  arise.  That  no 
new  shipments  of  powder  be  stored  on  top  of  powder  on  hand,  it  being  the  intent  to 
use  the  powder  in  the  order  in  which  it  is  received  at  the  mine. 

Note. — It  is  understood  that  the  operator  will  not  discriminate  against  any  powder 
desired  by  the  miners  locally  which  meets  the  test  as  to  grade  and  quality  herein  pre- 
scribed, provided  it  can  be  furnished  at  a  competitive  price  and  in  sufficient  quanti- 
ties for  the  successful  operation  of  the  mine. 

WORKING  AGREEMENT  BETWEEN  OPERATORS  AND  MINERS." 

That  section  of  the  working  agreement  between  the  coal-mine 
operators  and  miners  of  Franklin  County  relative  to  the  use  of  explo- 
sives reads  as  follows: 

(a)  Whether  the  coal  is  shot  after  being  undercut  or  sheared  by  pick  or  machine, 
or  shot  without  undercutting  or  shearing,  the  miners  must  drill  and  blast  the  coal  in 
accordance  with  the  State  mining  law  of  Illinois,  in  order  to  protect  the  roof  and 
timbers  and  in  the  interest  of  general  safety.  Any  miner  who  clearly  violates  the 
letter  or  spirit  of  this  paragraph  may  be  discharged. 

(6)  The  system  of  paying  for  coal  before  screening  was  intended  to  obviate  the 
many  contentions  incident  to  the  use  of  screens,  and  was  not  intended  to  encourage 
unworkmanlike  methods  of  mining  and  blasting  coal,  or  to  decrease  the  proportion  of 
screened  lump,  and  the  operators  are  hereby  guaranteed  the  hearty  support  and  co- 
operation of  the  United  Mine  Workers  of  America  in  disciplining  any  miner  who  from 
ignorance  or  carelessness,  or  other  cause,  fails  to  properly  mine,  shoot,  and  load  his 
coal. 

(c)  That  all  "bug  dust"  or  machine  coal  cuttings  when  practically  free  from  im- 
purities be  loaded  out  with  the  "snubbings"  or  other  coal  so  as  to  produce  a  merchant- 
able mine-run  coal. 

The  above  does  not  contemplate  any  change  in  the  present  method  of  handling 
"bug  dust"  or  machine  cuttings  in  Franklin  County,  or  other  mines  where  it  is  neces- 
sary to  load  same  out  before  shooting  the  coal,  as  a  protection  against  explosions  or  fire. 

Where  the  operator  desires  the  "bug  dust"  loaded  out  separately  this  shall  be  done 
by  the  miner  working  in  the  place  during  his  regular  shift  at  the  regular  tonnage 
price  and  the  company  shall  furnish  cars  promptly  to  load  same. 

(d)  Wherever  it  is  practicable  the  miners  shall  shoot  the  coal  with  two  pounds  of 
powder  or  less.     Where  a  dispute  arises  as  to  the  practicability  of  shooting  the  coal 

a  Working  agreement  by  and  between  the  Illinois  Coal  Operators  Association,  the  Coal  Operators  Asso- 
ciation of  the  Fifth  and  Ninth  Districts  of  Illinois,  and  the  Central  Illinois  Coal  Operators  Association, 
and  the  United  Mine  Workers  of  America,  District  No.  12,  sec.  5. 
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with  two  pounds  of  powder,  such  dispute  shall  be  taken  up  and  settled  by  the  two 
organizations  as  provided  in  this  contract. 

(c)  It  is  hereby  agreed  that  the  cost  of  firing  shots  during  the  life  of  this  contract 
shall  not  exceed  the  cost  per  ton  for  the  same  work  during  the  previous  contract.  It 
is  understood  that  this  clause  does  not  mean  that  the  operator  can  avoid  paying  for 
the  work  actually  necessary  to  be  done  by  the  shot  firers. 

It  is  also  agreed  that  there  shall  be  no  shot  lirers  in  mines  where  coal  is  undercut  by 
hand  or  machines,  except  as  mutually  agreed.  Where  conditions  in  the  past  have 
necessitated  shot  firers  they  will  be  continued;  where  conditions  develop  that  thin- 
are  not  necessary,  they  can  be  discontinued. 

(J)  The  shot  firers  shall  go  into  the  mine  two  hours  before  the  regular  quitting  time 
to  satisfy  themselves  by  examination  and  inspection  of  the  shots  to  be  fired  that  they 
have  been  properly  placed  and  prepared.  When  examining  shots  the  shot  firers 
shall  work  single;  when  firing  shots  they  shall  work  double. 

(i)  The  miners  shall  continue  to  assume  all  responsibility  heretofore  resting  up>  m 
them  for  the  care  of  the  working  places  and  the  proper  character  and  placing  of  the 
blasting  shots;  and  that  in  case  of  wet  holes  that  will  not  stand  if  charged  and  tamped 
by  the  miners,  the  shot  firers  will  attend  to  charging  and  tamping  said  holes. 

STATE  LAW  IN  REGARD  TO  SHOT  FIRERS. 

The  Illinois  law  in  regard  to  shot  firers  (Coal  Mining  Laws  of  Illi- 
nois, sec.  19)  reads  as  follows: 

SHOT  FIBERS  IN  COAL  MINES. 

In  all  mines  in  this  State  where  coal  is  blasted,  and  where  more  than  two  pounds  of 
powder  is  used  for  any  one  blast;  and,  also,  in  all  mines  in  this  State  where  gas  it> 
generated  in  dangerous  quantities,  a  sufficient  number  of  practical,  experienced 
miners,  to  be  designated  as  shot  firers,  shall  be  employed  by  the  company,  and  at  its 
expense,  whose  duty  it  shall  be  to  inspect  and  do  all  the  filing  of  all  blasts,  prepared 
in  a  practical  workmanlike  manner,  in  said  mine  or  mines. 

The  shot  firers  shall,  immediately  after  the  completion  of  their  work,  post  a  notice 
in  a  conspicuous  place  at  the  mine,  in  which  shall  be  indicated  the  number  of  shote 
fired ;  also  the  number  of  shots  they  did  not  fire,  if  any,  specifying  the  number  of  the 
room  and  designation  of  the  entry,  and  giving  reasons  for  not  firing  same.  In  addition 
they  shall  also  keep  a  daily  permanent  record,  in  which  shall  be  entered  the  number 
of  shots  or  blasts  fired,  the  number  of  shots  or  blasts  failing  to  explode,  and  the  number 
of  shots  or  blasts  that  in  their  judgment  were  not  properly  prepared  and  which  they 
refuse  to  fire,  giving  reasons  for  same;  the  record  to  be  in  the  custody  of  the  mine 
managers  and  to  be  available  for  inspection  at  all  times  by  parties  interested. 

The  superintendent  or  mine  manager  shall  not  permit  the  shot  firers  to  do  any  blast- 
ing, exploding  of  shots,  or  do  any  firing  whatever  until  each  and  every  miner  and 
employee  is  out  of  the  mine  except  the  shot  firers,  mine  superintendent,  mine  manager, 
and  man  or  men  necessarily  engaged  in  charge  of  the  pumps  and  stables:  Provided, 
however,  that  nothing  in  this  section  shall  be  construed  to  prohibit  the  employment  in 
such  mine  of  a  reasonably  necessary  number  of  men  during  such  time  for  the  purpose 
of  securing  the  workings  in  case  of  fire  therein. 

No  miner  or  other  person  shall  alter  or  change  any  drill  hole,  by  increasing  its  depth, 
diameter  or  otherwise,  after  the  same  shall  have  been  approved  by  the  shot  firer. 

No  shot  firer,  whether  voluntarily,  or  by  command  or  request  of  any  person,  shall 
fire  any  unlawful  shot,  or  any  shot  which  in  his  judgment,  exercised  as  aforesaid,  from 
his  inspection  thereof,  made  as  aforesaid,  shall  not  be  a  workmanlike,  proper,  and 
practical  shot. 
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On  firing  ahead  of  the  air  the  law  (sec.  14,  d)  reads  as  follows: 

Away  from  the  pillar  for  the  mine  bottom,  crosscuts  between  entries  shall  be  made 
not  more  than  60  feet  apart  without  permission  of  the  State  inspector  of  the  district 
and  then  only  in  case  of  "faults."  When  such  consent  is  given,  brattice  or  other 
means  must  be  provided  within  60  feet  of  the  face  to  convey  the  air  to  the  working 
place  until  a  crosscut  is  opened  up. 

When  undercut  or  sheared,  the  entry,  crosscut  and  room  neck  may  be  advanced 
concurrently,  but  not  more  than  one  cutting  shall  be  shot  in  the  room  neck  until 
the  crosscut  is  finished;  and  after  the  entry  has  advanced  15  feet  beyond  the  location 
of  the  new  crosscut,  only  one  shot  shall  be  fired  in  the  entry  to  two  in  either  or  both 
the  crosscut  and  room  neck  at  the  same  shooting  time. 

When  not  undercut  or  sheared,  the  entry  and  crosscut  may  be  advanced  concur- 
rently, but  no  room  shall  be  opened  in  advance  of  the  last  open  crosscut,  and  after 
the  entry  has  advanced  15  feet  beyond  the  location  of  a  new  crosscut  only  one  shot 
shall  be  fired  in  the  entry  to  two  in  the  crosscut  at  the  same  shooting  time. 

Not  more  than  three  shots  shall  be  exploded  at  one  shooting  time  ahead  of  the  last 
open  crosscut. 

TOLERANCES  FOR  PERMISSIBLE  EXPLOSIVES. 

At  a  conference  on  June  7,  1915,  between  manufacturers  of  ex- 
plosives and  engineers  and  chemists  of  the  Federal  Bureau  of  Mines 
an  agreement  was  reached  providing  for  reasonable  limits  of  variation 
or  " tolerances"  in  the  results  of  analyses  and  tests  of  permissible 
explosives.  If  these  tolerances  are  exceeded  by  a  given  lot  of  any 
permissible  explosive  it  is  not  permissible.  The  tolerances  established, 
which  were  made  effective  Jury  1,  1915,  have  been  published  in 
Bulletin  96  a  of  the  bureau,  and  are  as  follows: 

In  order  to  define  more  exactly  what  is  meant  by  the  plirase  "similar  in  all  respects  " 
in  the  definition  of  a  permissible  explosive,  namely,  "an  explosive  is  called  a  per- 
missible explosive  when  it  is  similar  in  all  respects  to  the  sample  that  passed  certain 
tests  by  the  United  States  Bureau  of  Mines,  and  when  it  is  used  in  accordance  with 
the  conditions  prescribed  by  this  bureau, "  the  following  tolerances  are  recommended 
for  field  samples  or  manufacturers'  samples  of  explosives,  beyond  which  such  lot  of 
explosives  can  not  vary  and  still  be  considered  permissible  for  use  in  coal  mines: 
Provided,  That  where  the  Bureau  of  Mines  finds  a  sample  which  does  not  come  up 
to  the  tolerance  limits,  the  bureau  shall  simply  declare  that  particular  lot  of  explosives 
not  permissible,  and  a  copy  of  the  notification  to  the  consumer  or  owner  shall  be 
furnished  the  manufacturer,  the  notification  to  6tate  that  the  explosive  did  not  meet 
the  tolerance  requirements  for  moisture  or  ingredients,  etc.,  as  the  case  might  be. 

Chemical  analysis. — Moisture,  to  be  fixed  by  a  sliding  scale  of  from  1$  per  cent  at 
zero  to  4  per  cent  at  10  per  cent  of  moisture  in  original  sample,  this  tolerance  being 
on  total  percentage  of  moisture  in  the  explosive. 

Other  ingredients  (or  their  equivalents)  in  quantities  not  exceeding  60  per  cent, 
according  to  curve  (shown  in  fig.  17).  For  ingredients  in  quantities  of  60  per  cent  or 
more,  the  tolerance  shall  be  plus  or  minus  3  per  cent:  Provided,  That  the  ingredients 
of  a  permissible  explosive  shall  be  considered  to  be  those  substances  reported  as 
found  by  the  Bureau  of  Mines  in  the  original  sample  of  that  explosive  submitted 
for  test  as  to  its  permissibility:  And  provided  further,  That  an  equivalent  shall  be 
considered  to  be  a  substance  which  would  not  materially  alter  the  properties  of  the 
explosive  and  which  would  produce  the  same  result  as  the  original  substance. 

o  Storm,  C.  G.,  The  analysis  of  permissible  explosives:  Bull.  96,  Bureau  of  Mines,  1916,  pp.  80-81. 
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Products  of  combustion  (determined  by  Bichel  gage  tests). — The  volume  of  poison- 
ous gases  from  680  grams  of  the  explosive,  including  its  wrapper,  must  be  less  than 
158  liters,  except  that  in  case  the  first  test  yields  158  liters  or  more  of  poisonous  gases 
per  G80  grams  of  the  explosive,  including  its  wrapper,  the  average  result  of  three 
tests  agreeing  within  5  per  cent  of  each  other  shall  be  taken,  and  no  explosive  shall 
remain  permissible  when  this  average  for  poisonous  gases  exceeds  the  above  standard 
limit. 

Physical  tests.a — 

Rate  of  detonation  (the  average  of  three  trials  with  Mettegang's  recorder),  plus  or 
minus  15  per  cent. 

Unit  deflective  charge  (the  average  of  three  trials  with  the  ballistic  pendulum), 
plus  or  minus  10  per  cent. 

Grams  of  wrapper  per  100  grams  of  explosive,  plus  or  minus  2.0  grams  (average  of 
four  determinations):  Provided,  That  the  manufacturers  shall  submit  samples  of  all 
different  sizes  of  cartridges,  to  be  considered  as  part  of  the  original  sample,  the  amount 
of  wrapper  to  be  determined  for  each  size  of  sample:  And  provided  further,  That  the 
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QUANTITY  OF  CONSTITUENT,  PER  CENT. 
Figure  17.— Curve  of  limit  variation  in  composition  of  permissible  explosives. 

tolerance  as  suggested  shall  be  determined  in  comparison  with  the  various  diameters 
of  samples  as  submitted  with  the  original  sample. 

Apparent  specific  gravity  of  cartridge,  by  sand,  plus  or  minus  7.5  per  cent  (average 
of  four  determinations):  Provided,  That  actual  density  shall  be  determined  on  car- 
tridges of  the  same  diameter  as  the  standard :  And  provided  further,  That  manufacturers 
shall  be  required  to  submit  samples  of  all  sizes. 

Gas  and  dust  gallery  No.  1. — No  ignition  must  be  obtained  in  each  of  one  or  more 
trials.  Note:  In  the  retesting  of  permissible  explosives  by  tests  1,  3,  and  4,&  the 
charges  of  the  explosives  fired  will  be  reduced  10  per  cent  in  weight  from  the  weights 
originally  used  in  order  to  eliminate  any  likelihood  of  a  failure  being  due  to  the 
natural  variations  in  the  gallery  conditions. 

Pendulum  friction  test. — Each  explosive  must  pass  a  test  of  10  trials  under  the 
same  conditions  as  originally  tested,  except  that  the  height  of  fall  of  the  wood-fiber 
shoe  will  be  reduced  by  10  per  cent  in  order  to  eliminate  any  likelihood  of  a  failure 
•being  due  to  the  natural  variations  in  test  conditions. 

o  For  method  of  making  these  tests,  see  Hall,  Clarence,  and  Howell,  S.  P.,  Tests  of  permissible  explosives: 
Bull.  63,  Bureau  of  Mines,  1913,  313  pp. 
6 Hall,  C,  and  Howell,  S.  P.,  Work  quoted,  p.  303. 
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BUREAU  OF  MINES  TESTS  OF  PERMISSIBLE  EXPLOSIVES. 

The  conditions  under  which  manufacturers  may  submit  explosives 
for  test  by  the  Bureau  of  Mines  to  determine  their  permissibility,  the 
fees  charged  for  the  tests,  and  the  test  requirements  of  permissible 
explosives  are  set  forth  in  Schedule  1  °  of  the  bureau. 

CONDITIONS   UNDER    WHICH   TESTS    WILL    BE    MADE. 

The  conditions  under  which  the  Bureau  of  Mines  will  test  explo- 
sives to  determine  whether  they  shall  be  placed  on  its  list  of  permis- 
sible explosives  are  as  follows: 

1.  The  manufacturer  or  applicant  desiring  tests  to  be  made  is  to  deliver  to  the 
Bureau  of  Mines,  Fortieth  and  Butler  Streets,  Pittsburgh,  Pa.,  three  weeks  prior  to 
date  set  for  tests,  100  pounds  of  each  explosive  that  he  desires  to  have  tested.  He  is 
to  be  responsible  for  the  care,  handling,  and  delivery  of  this  material  to  the  testing 
station,  and  if  he  desires  he  may  have  a  representative  present  during  the  tests.  In 
order  to  avoid  duplication  of  work,  it  is  requested  that  the  smallest  size  of  cartridge 
that  he  intends  to  place  on  the  market  be  sent  for  these  tests. 

2.  No  one  is  to  be  present  at  or  participate  in  these  tests  except  the  necessary  Gov- 
ernment officers  at  the  experiment  station,  their  assistants,  the  representative  of  the 
manufacturer  of  the  explosives,  or  the  applicant  desiring  tests  to  be  made. 

3.  These  tests  will  be  made  in  the  order  of  the  receipt  of  the  applications  for  them 
provided  the  necessary  quantity  of  the  explosive  is  delivered  at  the  experiment 
station  by  the  date  set,  of  which  date  due  notice  will  be  given  by  the  Bureau  of  Mines. 

4.  A  list  of  the  explosives  that  pass  certain  requirements  satisfactorily  will  be  fur- 
nished to  the  State  mine  inspectors  in  the  several  States  and  will  be  made  public  in 
such  manner  as  may  be  considered  desirable. 

5.  The  details  of  results  of  tests  are  to  be  considered  confidential  and  are  not  to  be 
made  public  prior  to  official  publication  by  the  Bureau  of  Mines. 

6.  From  time  to  time  field  samples  of  permissible  explosives  will  be  collected,  and 
tests  will  be  made  of  these  explosives  as  they  are  supplied  for  use  in  coal  mines  in  the 
various  States.  Field  samples  collected  in  original  shipping  case  will  be  tested  for 
their  permissibility  and  will  be  analyzed;  the  proportion  of  each  ingredient  of  the 
explosive  must  agree,  within  a  reasonable  variation,  with  that  in  the  original  sample 
submitted  for  tests. 

TEST   REQUIREMENTS    OF  PERMISSIBLE    EXPLOSIVES. 

The  tests  will  be  made  by  the  engineers  of  the  Bureau  of  Mines  in  gas  and  dust 

gallery  No.  1  at  Pittsburgh,  Pa.,  or  in  one  of  the  identical  galleries.     The  charge  of 

explosive  to  be  fired  in  tests  1  and  3  shall  be  equal  in  deflective  power,  as  determined 

by  the  ballistic  pendulum,  to  one-half  pound  (227  grams)  of  40  per  cent  nitroglycerin 

dynamite  in  its  original  wrapper,  of  the  following  formula: 

Per  cent. 

Nitroglycerin 40 

Nitrate  of  soda  (sodium  nitrate) 44 

Wood  pulp 15 

Carbonate  of  lime  (calcium  carbonate) 1 

100 

a  Fees  for  testing  explosives  and  conditions  and  requirements  under  which  explosives  are  tested:  Schedule 
1,  Bureau  of  Mines,  1913,  pp.  1-7. 
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Each  charge  shall  be  fired  with  an  electric  detonator  (exploder  or  cap)  strong  enough 
to  completely  detonate  or  explode  the  charge,  as  recommended  by  the  manufacturer. 
The  explosive  must  be  in  such  condition  that  the  chemical  and  physical  tests  do  not 
show  any  unfavorable  results. 

An  explosive  will  be  considered  unsatisfactory  if  it  is  not  chemically  stable,  if  it 
shows  leakage  of  nitroglycerin,  or  if  it  is  in  such  condition  that  exudation  of  nitro- 
glycerin would  occur  in  handling  or  transportation. 

A  GSO-gram  (lj-pound)  charge  of  explosive  must  not  evolve  153  liters  {Z\  cubic  feet) 
or  more  of  poisonous  gases  as  determined  by  gage  tests.  The  poisonous  gases  that  are 
likely  to  be  evolved  on  explosion  are  carbon  monoxide,  hydrogen  sulphide,  and 
nitrogen  oxides. 

Explosives  that  are  of  such  strength  as  to  require  more  than  GSO  grams  (li  pounds) 
to  satisfactorily  break  down  coal  under  normal  conditions  of  mining  will  be  con:idered 
unsatisfactory.  This  is  determined  by  the  unit  deflective  charge  (established  with 
the  ballistic  pendulum)  which  shall  not  exceed  454  grams  (1  pound). 

An  explosive  will  be  considered  unsatisfactory  if  in  the  course  of  the  official  tests 
two  or  more  charges  fail  to  detonate  or  explode  completely,  or  if  after  two  months' 
storage  at  the  Pittsburgh  experiment,  station  two  or  more  cartridges  fail  to  detonate  or 
explode  completely  when  fired  separately  with  a  suitable  detonator. 

An  explosive  will  be  considered  unsatisfactory  if  it  is  too  sensitive  to  frictional 
impact  (a  glancing  blow).  This  sensitiveness  will  be  determined  with  the  pendulum 
friction  device  with  the  shoe  faced  with  fiber. 

In  order  that  the  dust  used  in  tests  3  and  4  may  be  of  the  same  quality,  it  is  always 
taken  from  the  same  mine,  ground  to  the  same  fineness,  and  used  while  still  fresh. 

The  following  are  the  gallery  tests  to  which  are  subjected  the  explosives  that  the 
Bureau  of  Mines  is  asked  to  place  in  the  list  of  permissible  explosives: 

Test  1 . — Ten  shots  each  with  the  charge  as  described  above,  in  its  original  wrapper, 
shall  be  fired,  each  tamped  with  1  pound0  of  clay  stemming,  at  a  gallery  temperature 
of  77°  F.,  into  a  mixture  of  gas  and  air  containing  8  per  cent  of  gas  (methane  and 
ethane).  An  explosive  is  considered  to  have  passed  the  test  if  no  one  of  the  ten  shots 
ignites  this  mixture. 

Test  3. — Ten  shots  each  with  the  charge  as  described  above,  in  its  origjnal  wrapper, 
shall  be  fired,  each  tamped  with  1  pound  a  of  clay  stemming,  at  a  gallery  temperature 
of  77°  F.,  into  40  pounds  of  bituminous  coal  dust,  20  pounds  of  which  is  to  be  dis- 
tributed uniformly  on  a  wooden  bench  placed  in  front  of  the  cannon  and  20  pounds 
placed  on  side  shelves  in  sections  4,  5,  and  6.  An  explosive  is  considered  to  have 
passed  the  test  if  no  one  of  the  ten  shots  ignites  this  mixture. 

Test  4- — Five  shots  each  with  a  Impound  charge,  in  its  original  wrapper,  shall  be 
fired  without  stemming,  at  a  gallery  temperature  of  77°  F.,  into  a  mixture  of  gas  and 
air  containing  4  per  cent  of  gas  (methane  and  ethane)  and  20  pounds  of  bituminous 
coal  dust,  18  pounds  of  which  is  to  be  placed  on  shelves  along  the  sides  of  the  first 
20  feet  of  the  gallery  and  2  pounds  to  be  so  placed  that  it  will  be  stirred  up  by  an  air 
current  in  such  manner  that  all  or  part  of  it  will  be  suspended  in  the  first  division  of 
the  gallery.  An  explosive  is  considered  to  have  passed  the  test  if  no  one  of  the  five 
shots  ignites  this  mixture. 

EXPLOSIVE  NOT  TO  BE   CONSIDERED  PERMANENTLY  PERMISSIBLE. 

It  must  not  be  supposed  that  an  explosive  that  has  once  passed  the  required  test 
and  has  been  published  in  lists  of  permissible  explosives  is  always  thereafter  to  be  con- 
sidered a  permissible  explosive,  regardless  of  its  condition  or  the  way  in  which  it  is 
used.     Thus,  for  example,  an  explosive  named  in  the  permissible  list,  if  kept  in  a 

a  Two  pounds  of  clay  stemming  is  used  with  slow-burning  explosives. 
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moist  place  until  it  undergoes  a  change  in  character,  is  no  longer  10  be  considered  a 
permissible  explosive.  If  used  in  excess  of  the  quantity  specified  (1£  pounds),  it  is 
not,  when  so  used,  a  permissible  explosive.  And  when  the  other  conditions  have  been 
met,  it  is  not  a  permissible  explosive  if  fired  with  a  detonator  of  less  efficiency  than 
that  prescribed. 

Moreover,  even  when  all  the  prescribed  conditions  have  been  met,  no  permissible 
explosive  should  necessarily  be  considered  as  permanently  being  a  permissible  explo- 
sive, but  any  permissible  explosive,  when  used  under  the  prescribed  conditions,  may 
properly  continue  to  be  considered  a  permissible  explosive  until  notice  of  its  with- 
drawal or  removal  from  the  list  has  been  officially  published,  or  until  its  name  is 
omitted  from  a  later  list  published  by  the  Bureau  of  Mines. 

Furthermore,  the  manufacturers  of  a  permissible  explosive  may  withdraw  it  at  any 
time  when  introducing  a  new  explosive  of  superior  qualities.  And  after  further 
experiments  and  conferences  the  Bureau  of  Mines  may  find  it  advisable  to  adopt 
additional  and  more  severe  tests  to  which  all  permissible  explosives  may  be  subjected, 
in  the  hope  that  through  the  use  of  such  explosives  only  as  may  pass  the  more  sever© 
tests,  the  lives  of  miners  may  be  better  safeguarded. 


PUBLICATIONS  ON  INVESTIGATIONS  OF  EXPLOSIVES. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  has  been  printed  and  is  available  for  free  distribution  until 
the  edition  is  exhausted.  Requests  for  all  publications  can  not  be 
granted,  and  to  insure  equitable  distribution  applicants  are  requested 
to  limit  their  selection  to  publications  that  may  be  of  especial  inter- 
est to  them.  Requests  for  publications  should  be  addressed  to  the 
Director,  Bureau  of  Mines. 

The  Bureau  of  Mines  issues  a  list  showing  all  its  publications 
available  for  free  distribution  as  well  as  those  obtainable  only  from 
the  Superintendent  of  Documents,  Government  Printing  Office,  on 
payment  of  the  price  of  printing.  Interested  persons  should  apply 
to  the  Director,  Bureau  of  Mines,  for  a  copy  of  the  latest  list. 

PUBLICATIONS   AVAILABLE    FOR    FREE   DISTRIBUTION. 

Bulletin  15.  Investigations  of  explosives  used  in  coal  mines,  by  Clarence  Hall, 
W.  O.  Snelling,  and  S.  P.  Howell,  with  a  chapter  on  the  natural  gas  used  at  Pitts- 
burgh, by  G.  A.  Burrell,  and  an  introduction  by  C.  E.  Munroe.  1911.  197  pp.,  7 
pis.,  5  figs. 

Bulletin  17.  A  primer  on  explosives  for  coal  miners,  by  C.  E.  Munroe  and  Clarence 
Hall.    61  pp.,  10  pis.,  12  figs. 

Bulletin  48.  The  selection  of  explosives  used  in  engineering  and  mining  opera- 
tions, by  Clarence  Hall  and  S.  P.  Howell.    1914.    50  pp.,  3  pis.,  7  figs. 

Bulletin  59.  Investigations  of  detonators  and  electric  detonators,  by  Clarence 
Hall  and  S.  P.  Howell.    1913.    73  pp.,  7  pis.,  5  figs. 

Bulletin  66.  Tests  of  permissible  explosives,  by  Clarence  Hall  and  S.  P.  Howell. 
1913.    313  pp.,  1  pi.,  6  figs. 

Bulletin  80.  A  primer  on  explosives  for  metal  miners  and  quarrymen,  by  C.  E. 
Munroe  and  Clarence  Hall.     1915.     125  pp.,  51  pis.,  17  figs. 

Bulletin  96.  The  analysis  of  permissible  explosives,  by  C.  G.  Storm.  1916.  8S 
pp.,  3  pis.,  7  figs. 

Technical  Paper  6.  The  rate  of  burning  of  fuse  as  influenced  by  temperature  and 
pressure,  by  W.  O.  Snelling  and  W.  C.  Cope.    1912.    28  pp. 

Technical  Paper  7.  Investigations  of  fuse  and  miners'  squibs,  by  Clarence  Hall 
and  S.  P.  Howell.    1912.    19  pp. 

Technical  Paper  12.  The  behavior  of  nitroglycerin  when  heated,  by  W.  O.  Snell- 
ing and  C.  G.  Storm.    1912.    14  pp.,  1  pi.,  2  figs. 
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